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When software is developed through projects, it is typical that the concept of 
organizational maturity would emigrate from software development processes to project 
management, and this has been reflected in an interest in applying the concept of 
‗‗maturity‘‘ to software project management (Morris Peter, 2000). Webster (1988) 
defines ‗‗mature‘‘ as being ripe or having reached the state of full natural or maximum 
development. Maturity is the quality or state of being mature. ―Maturity model‖ can be 
defined as described in the framework of how to improve or get some expectations 
(such as ability) process. ―Maturity of the term "that have the ability to continue to 
improve over time, so as to continue to succeed in the competition.  ―Mode‖ refers to a 
change in process, or the progress of the step.   
In this thesis, the models of high performance project team (HPPT), project team 
effectiveness maturity (PTEM), and agile innovation project team (AIPT) is structured, 
and we proposes a Fuzzy MCDM model, using Fuzzy DEMATEL, ANP and VIKOR 
methods for probing the maturity of project team models and how to evaluate and create 
a best implementation for achieving the aspired levels. 
Finally, we point out the influential dimensions, criteria and relative weights of 
essential criteria of these maturity models. Moreover, we focus on specific project 
maturity teams to analyze the performance and gaps for provides valuable assessments. 
The above our proposal methods and techniques are useful and give a new insight 
into project maturity models and application of fuzzy multiple criteria decision making 
to solve the qualitative and quantitative measurements for help program manager use 
these indexes to decide building elements priorities of the project maturity team in 
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Chapter 1 Introduction  
1.1 Background 
Since the 1990s, the environment of management becomes complexity and 
changeful due to the development of knowledge economics. Enterprises have to 
promote their efficiency, elasticity and quality to deal with a contingency or 
emergency, to ensure they can survive and develop. More and more enterprises start to 
transform to projective organizations. Since software is developed through projects, it 
is natural that the concept of organizational maturity would migrate from software 
development processes to project management, and this has been reflected to an 
interest in applying the concept of ‗‗maturity‘‘ to software project management.  
Software Engineering Institute of Carnegie-Mellon University developed 
‗‗Capability Maturity Model‘‘ for software organizations was adopted widely between 
1986 and 1993, this notion of process maturity emigrate to a measure of 
‗‗organizational‘‘ process maturity. Organizations advance through a series of five 
stages to maturity is the concept of integrate the model, there are initial level, 
repeatable level, defined level, managed level and optimizing level. ‗‗These five 
maturity levels define an ordinal scale for measuring the maturity of an organization‘s 
software process and for evaluating its software process capability. The levels also 
help an organization prioritize its improvement efforts.‘‘(Paulk, M. et al.,1993). 
Through these stages, The ‗‗prize‘‘ for advancing  is an increasing ‗‗software process 
capability‘‘, which results in improved software productivity. 
1.2 Organization of Thesis 
The thesis is organized as follows. In Chapter 2, we introduce the basic theory of 
fuzzy theory, including fuzzy sets, α-Cut and fuzzy linguistic scale; in chapter 3, 
Fuzzy multiple criteria decision making theory and expressions are included. In 
chapter 4, concept and types of project maturity in project are discussed.   
Furthermore, chapter 5 we using Fuzzy MCDM method to exploring the high 
performance project team (HPPT), Project Team Effectiveness Maturity (PTEM) and 
Agile Innovation project team (AIPT). The study first of all is to establish a teamwork 
evaluation system, including dimensions and criteria. Next, adopt Fuzzy DEMATEL to 
build up a structure model of teamwork competency evaluation system of HPPT, PTEM 
2 
and AIPT. And then combining ANP, convert the attribution impact of teamwork 
competency evaluation criteria in the degree of importance, and establish teamwork 
competency assessment system. Finally, apply VIKOR to evaluate the teamwork 
performance and find out the case (A corporation) which was identified to have the 
worst attribute according to teamwork competency. In the end, a decision was made 
through system structure model and concrete improvement strategies are proposed. 

































Definition of  Fuzzy 
MCDM
 
Figure. 1 Research process 
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Chapter 2 Fuzzy Theory 
2.1 Fuzzy Sets 
Lotfi Zadeh, an engineering professor at the University of California at Berkley 
is the first research to conceive the concept of fuzzy sets, to deal with problems of 
reasoning is approximate rather than precise. (Zadeh, 1965). Since then, fuzzy sets 
have been used in not only mundane but also in the abstract  to address a variety of 
problems of many engineering fields. (Zimmermann, 1996). The ever expanding 
applications of fuzzy sets have ranged from expert systems (Zimmermann, 1987), 
manufacturing systems (Gien, Jacqmart, Seklouli, & Barad, 2003), operational 
research (Zimmermann, 1983), to stock market (Zopounidis, Pardalos, & Baourakis, 
2001). Most of the literature in fuzzy sets applications is concerned with the 
development of smart machines that can act automatically in the face of ambiguity or 
complexity (Jamshidi, Titli, Zadeh, & Boverie, 1997). 
Zadeh (1965) introduced the fuzzy set theory to incorporate the uncertainty of 
human thoughts in modeling. The most critical contribution of fuzzy set theory is its 
capability of representing imprecise or vague data. A fuzzy set theory is defined to be 
a class of objects with a continuum of grades of membership. Such a set is 
characterized by a membership (characteristic) function, which assigns to each object 
a grade of membership ranging between zero and one (Kahraman et al., 2003). 
 
2.1.1 Preliminaries on fuzzy sets 
Definition 1. A fuzzy set M̃ in a universe of discourse X is characterized by a 
membership function     M̃  that assigns each element x in X a real number in the 
interval [0; 1]. The numeric value     M̃  stands for the grade of membership of x 
in M̃ 
 
Definition 2. A tilde ―~‖ will be placed above a symbol if the symbol represents 
a fuzzy set. A triangular fuzzy number (TFN), M̃ is shown in Fig. 2. A TFN is denoted 
simply as (l m⁄ ,
m
u⁄   or (l, m, u). The parameters 𝑙, 𝑚 and 𝑢, respectively, denote the 
smallest possible value, the most promising value, and the largest possible value that 
describe a fuzzy event. Each TFN has linear representations on its left and right side 
such that its membership function can be defined as Eq.(1) 
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    ?̃?  {
 ,                              𝒍
   𝒍   𝒎  𝒍 , 𝒍    𝒎
 𝒖      𝒖  𝒎 , 𝒎    𝒖
 ,                              𝒖
                          (1) 
 
 
Figure. 2 A triangular fuzzy number,  ̃ 
 
If X value is less than lower level of a fuzzy number (𝑙), the function gets the 
value of zero, bigger than/equal lower level (𝑙) and less than/equal to mean level (𝑚), 
the function gets the value of 𝑥-𝑙 / 𝑚-𝑙, and bigger than/equal mean level (𝑚) and 
less than/equal to upper level (𝑢), the function gets the value of 𝑢-𝑥 / 𝑢-𝑚.  
A fuzzy number can always be given by its corresponding left and right 
representation of each degree of membership as in Eq.(2) 
 
 ?̃?  (𝑴𝒍   ,𝑴    )   𝒍   𝒎  𝒍  , 𝒖   𝒎  𝒖   ,     , 𝟏               (2)                 
 
Where 𝑙 y  and 𝑟 y denote the left side representation and the right side 
representation of a fuzzy number, respectively. 
 
Definition 3. Let a trapezoidal fuzzy number  ̃ =(l,m,u), then the defuzzified 
m  M̃  value is calculated by Eq.(3). 
 
𝐦  ?̃? =
 𝒍 𝒎 𝒖 
𝟑
                                               (3) 
 
Definition 4. l and u mean the lower and upper bounds of the fuzzy number  M̃, 
and m is the model value for  ̃ . The TFN c,an be denoted by  ̃  =(l,m,u). The 
operational laws of TFNs  ̃ 1   𝑙1,𝑚1, 𝑢1  and  ̃ 2   𝑙2,𝑚2, 𝑢2  are displayed 
as Eq.(4) through Eq.(7). 
5 
a. Addition of fuzzy number ⊕ 
 
 ?̃?𝟏 ⊕  ?̃?𝟐= 𝒍𝟏,𝒎𝟏, 𝒖𝟏 ⊕  𝒍𝟐,𝒎𝟐, 𝒖𝟐   𝒍𝟏  𝒍𝟐, 𝒎𝟏  𝒎𝟐, 𝒖𝟏  𝒖𝟐         (4) 
 
b. Multiplication of fuzzy number ⊗ 
 
 ?̃?𝟏 ⊗  ?̃?𝟐= 𝒍𝟏,𝒎𝟏, 𝒖𝟏 ⊗  𝒍𝟐,𝒎𝟐, 𝒖𝟐   𝒍𝟏𝒍𝟐,𝒎𝟏𝒎𝟐, 𝒖𝟏𝒖𝟐                (5) 
for 𝒍𝟏, 𝒍𝟐>0; 𝒎𝟏, 𝒎𝟐>0; 𝒖𝟏, 𝒖𝟐>0. 
 
c. Subtraction of fuzzy number ⊖ 
 
 ?̃?𝟏 ⊖  ?̃?𝟐= 𝒍𝟏,𝒎𝟏, 𝒖𝟏 ⊖  𝒍𝟐,𝒎𝟐, 𝒖𝟐   𝒍𝟏  𝒖𝟐,𝒎𝟏  𝒎𝟐, 𝒖𝟏  𝒍𝟐         (6) 
  
d. Division of a fuzzy number ⊘ 
 
 ?̃?𝟏 ⊘  ?̃?𝟐= 𝒍𝟏,𝒎𝟏, 𝒖𝟏 ⊘  𝒍𝟐,𝒎𝟐, 𝒖𝟐    𝒍𝟏 𝒖𝟐,𝒎𝟏 𝒎𝟐, 𝒖𝟏 𝒍𝟐             (7) 
for 𝒍𝟏, 𝒍𝟐>0; 𝒎𝟏, 𝒎𝟐>0; 𝒖𝟏, 𝒖𝟐>0. 
 
2.1.2 Fuzzy numbers 
Let A denote a fuzzy number, i.e. such fuzzy subset A of the real line  , with 
membership function 𝝁𝑨:     , 𝟏 , that 
1. A is normal, i.e. there exists an element    such that 𝝁𝑨     𝟏. 
2. A is fuzzy convex, i.e. 
    𝝁𝑨 𝝀 𝟏   𝟏  𝝀  𝟐 ≥ 𝝁𝑨  𝟏 ∧ 𝝁𝑨  𝟐 (∀ 𝟏, 𝟐  , ∀      , 𝟏 ). 
3. 𝝁𝑨 is upper semicontinuous, 
4. supp(A) is bonded, where supp(A) = 𝒄𝒍     : 𝝁𝑨        and cl is the     
closure operator. 
 
Thus, for any fuzzy number A there exist four numbers  𝒂𝟏,𝒂𝟐, 𝒂𝟑, 𝒂𝟒    and 
functions  𝒍𝑨,   𝑨:    , 𝟏 , where  𝒍𝑨 is no decreasing and   𝑨 is no increasing, 
such that we can describe a membership function 𝝁𝑨 in the following manner 
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                  𝒊𝒇  ＜𝒂𝟏                               
 𝒍𝑨            𝒊𝒇 𝒂𝟏   ＜𝒂𝟐                     
𝟏                 𝒊𝒇 𝒂𝟐    𝒂𝟑                    
 𝑨           𝒊𝒇 𝒂𝟑＜  𝒂𝟒                   
                  𝒊𝒇 𝒂𝟒＜                                
                            (8) 
 
Function  𝒍𝑨 and   𝑨 are called the left side and the right side of a fuzzy 
number A, respectively. A space of all fuzzy numbers will be denoted by 𝔽   . 
 
Let 𝑨𝜶      : 𝝁𝑨   ≥ 𝜶 , 𝜶    , 𝟏 , denote an 𝜶-cut of a fuzzy number A. 
Every 𝜶-cut of a fuzzy number is a closed interval, i.e. 𝑨𝜶   𝑨𝑳 𝜶 , 𝑨𝑼 𝜶  , where 
𝑨𝑳 𝜶  𝐢𝐧𝐟    : 𝝁𝑨   ≥ 𝜶  and 𝑨𝑼 𝜶  𝐬𝐮𝐩    : 𝝁𝑨   ≥ 𝜶 . 
The core of a fuzzy number A is the set of all points that surely belong to A, i.e. 
core(A)=     : 𝝁𝑨    𝟏  𝑨𝜶=𝟏. 
 
The expected interval EI(A) of a fuzzy number A is given by 
 
𝑬𝑰 𝑨   𝑬𝑰𝑳 𝑨 , 𝑬𝑰𝑼 𝑨   *∫ 𝑨𝑳 𝜶 𝒅𝜶,
𝟏
 
∫ 𝑨𝑼 𝜶 𝒅𝜶
𝟏
 
+                    (9) 
 
The middle point of the expected interval 
 
𝑬𝑽 𝑨  
𝟏
𝟐
*∫ 𝑨𝑳 𝜶 𝒅𝜶  
𝟏
 
∫ 𝑨𝑼 𝜶 𝒅𝜶
𝟏
 
+                                 (10) 
 
is called the expected value of a fuzzy number and it represents the typical value 
of the fuzzy number A. Sometimes its generalization, called weighted expected value, 
might be interesting. It is defined as 
 
𝑬𝑽𝒒 𝑨   𝟏  𝒒 ∫ 𝑨𝑳 𝜶 𝒅𝜶  
𝟏
 
𝒒∫ 𝑨𝑼 𝜶 𝒅𝜶
𝟏
 
                               (11) 
 
where 𝒒    , 𝟏 . Another parameter characterizing the typical value of the 
magnitude that the fuzzy number A represents is called the value of fuzzy number A 
and is defined by 
 
𝑽𝒂𝒍 𝑨  ∫ 𝜶(𝑨𝑳 𝜶  𝑨𝑼 𝜶 )
𝟏
 
𝒅𝜶                                    (12) 
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To describe the nonspecific of a fuzzy number we usually use the width of a 
fuzzy number defined by 
 
𝝎 𝑨  ∫ 𝝁𝑨   𝒅 
∞
−∞
 ∫ (𝑨𝑼 𝜶  𝑨𝑳 𝜶 )
𝟏
 
𝒅𝜶                          (13) 
 
The next index characterizing the vagueness of a fuzzy number A, called the 
ambiguity, is given by 
 
𝑨𝒎𝒃 𝑨  ∫ 𝜶(𝑨𝑼 𝜶  𝑨𝑳 𝜶 )
𝟏
 
𝒅𝜶                                   (14) 
 
2.2 α-Cut 
The concept of α-cut is very important in the relationship between fuzzy sets and 
crisp sets. It is well known that each fuzzy set can be uniquely represented by the 
family of all of its α-cuts. From a practical point of view, each α-cut    of a fuzzy 
set A represents a crisp approximation of A at the level α    ,  . This approximation 
is based on the following sharpening of coefficients A(x): if A(x)≥    then    𝑥 =1 
(sharpening ―up‖) and if    𝑥 =0 (sharpening ―down‖). It is obvious that the result 
of sharpening, the crisp set   , depends on α. 
 
2.2.1 𝛂-fuzziness and 𝛂-sharpness 
Let X be a set of objects and let      be the set pf all fuzzy subsets X. Let    
denote the set of all nonnegative real numbers. A measure of fuzziness of set A 
       is a function f:         which satisfies the following properties: 
P1: f      if and only if A is a crisp set; 
P2: 𝐟 𝑨  attains its maximum if and only if   𝑿   . 𝟓 for all   𝑿; 
P3: 𝐟 𝑨  𝐟    when A is sharper than B, which means that 𝑨         
when       . 𝟓 and 𝑨   ≥      when     ≥  . 𝟓 foe all   𝑿. 
The fuzzier is the set A, the closer are the coefficients𝑨   ,   𝑿 to the threshold 
0.5.  Kaufmann introduced the index of fuzziness as a measure of fuzziness of A in 
the case of a finite set X as follows: 
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𝝋 𝑨  ∑ |𝑨    𝑨 .𝟓   | ,  𝑿                                   (15) 
 
where   .𝟓is the 0.5-cut of A. 
A measure of fuzziness determined by properties P1-P3 can be viewed as a 
measure of fuzziness with respect to the threshold    . . In practice, a data analyst 
may wish to change 0.5 to any     ,  .  
 
Definition 1. Let  , 𝐵    𝑥  and let     ,  . We say that A is  -sharper than B, 
denoted by  ≺ 𝐵, if and only if all 𝑥   ： 
 
 𝑨            𝐰𝐡𝐞𝐧    ＜𝜶 ,                                       (16) 
 
𝑨   ≥         𝐰𝐡𝐞𝐧    ≥ 𝜶 .                                     (17) 
 
It is obvious that ≺𝜶 is a relation of partial order on F(X). 
Notice the difference between (16) and (17) and property P3 of fuzziness. 
According to (17), coefficient A(x)=    is sharpened ―up‖. This guarantees that 
 –sharpening of a fuzzy set A will ultimately lead to the unique crisp  –sharper 
approximation of A, which will be the  –cut of A. Property P3 of fuzziness allows 
one to sharpen A(x)=0.5 either to 0 or to 1. Therefore, the crisp  –sharper 
approximation of A(x)=0.5 is not unique. 
There is a relationship between  –sharpness and aggregation operation 
 -mediam. For a, b    ,   and     ,  ,  -mediam hα is defined as follows: 
 
𝒉𝜶 𝒂, 𝒃  {
𝒎𝒂  𝒂, 𝒃     𝒘𝒉𝒆𝒏 𝒂, 𝒃    , 𝜶 ,
𝒎𝒊𝒏 𝒂, 𝒃     𝒘𝒉𝒆𝒏 𝒂, 𝒃   𝜶, 𝟏 ,
𝜶                   𝒐𝒕𝒉𝒆 𝒘𝒊𝒔𝒆.             
                          (18) 
 
It is easy to prove the following proposition. 
 
Proposition 1. 𝐿𝑒𝑡  , 𝐵    𝑥 ,     ,   𝑎𝑛𝑑  ≺ 𝐵. Then for all 𝑥    
 
𝒉𝜶 𝑨   ,                                                      (19) 
 
Notice that if 𝑕    𝑥 , 𝐵 𝑥   𝐵 𝑥  foe all 𝑥   , then A is not necessarily 
 –sharper than B. Measure of fuzziness to measure of  -fuzziness as follows. 
 
Definition 2. Let     ,  . Function a function 𝒇𝜶:   𝑿   
  is a measure of 
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𝛂-fuzziness of 𝑨     𝑿  if it satisfies the following properties: 
 𝟏𝜶: 𝒇𝜶(A)=0 if and only if A is a crisp set; 
 𝟐𝜶: 𝒇𝜶 has the least upper bound 𝑴𝜶 such that, if 𝛂    ,  . 𝟓 , then          
         𝒇𝜶(A)= 𝑴𝜶 if and only if A(x)= 𝛂 foe all    𝑿, and if 𝛂    . 𝟓, 𝟏 , 
then 𝒇𝜶(A)  𝑴𝜶 foe any A. 
 𝟑𝜶: 𝒇𝜶(A)  𝒇𝜶(B) when A is α–sharper than B. 
 
Proposition 2. Let X be a finite set and     𝑥 .Then for     ,   
 
𝝋𝜶 𝑨  ∑  |𝑨    𝑨𝜶   |  𝑿                                    (20) 
 
is a measure of  -fuzziness of A. 
 
Proof. P  : 𝜑       if and only if  |  𝑥     𝑥 |    for all 𝑥   , which 




∑  |𝑨    𝑨𝜶   |  𝑨𝜶  ∑  |𝑨    𝟏|  𝑨𝜶  ∑  |𝜶  𝟏|  𝑨𝜶               (21) 
 
And  
∑  |𝑨    𝑨𝜶   |  𝑿−𝑨𝜶  ∑  |𝑨     |  𝑿−𝑨𝜶 ＜∑  |𝜶   |   𝑿−𝑨𝜶          (22) 
 
If     , .  , then       𝑎𝑛𝑑 ∑ |   |𝑥 𝑋−𝐴𝛼   ∑ |   |𝑥 𝑋−𝐴𝛼    . 
Therefore ,   𝜑     ∑ |  𝑥   |𝑥 𝐴𝛼   ∑ |  𝑥   |𝑥 𝑋−𝐴𝛼  ∑ |  𝑥 𝐴𝛼
 |   ∑ |   |𝑥 𝑋−𝐴𝛼   ∑ |   |𝑥 𝑋 ,  
and 𝜑     ∑ |   |𝑥 𝑋  if and only if ,   𝑥    for all 𝑥   . 
If     . ,  , then    ＜  𝑎𝑛𝑑 ∑ |   |𝑥 𝐴𝛼 ＜ ∑ |   |𝑥 𝐴𝛼 . Therefore ,  
 𝜑     ∑ |  𝑥   |𝑥 𝐴𝛼   ∑ |  𝑥   |𝑥 𝑋−𝐴𝛼 ＜∑ |   |𝑥 𝐴𝛼   ∑ |  𝑥 𝑋−𝐴𝛼
 |   ∑ |   |𝑥 𝑋    .  
P3 : When  ≺ 𝐵 then    𝑥  𝐵  𝑥  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥   . Then 𝐵 𝑥    𝑥  
  for all 𝑥     and      𝑥  𝐵 𝑥  for all 𝑥      . Therefore ,  𝜑     
∑ |  𝑥     𝑥 |𝑥 𝑋   ∑ |  𝑥   |𝑥 𝐴𝛼   ∑ |  𝑥   |𝑥 𝑋−𝐴𝛼  ∑ |𝐵 𝑥  𝑥 𝐴𝛼
 |   ∑ |𝐵 𝑥   |𝑥 𝑋−𝐴𝛼  ∑ |𝐵 𝑥  𝐵  𝑥 |  𝑥 𝑋 𝜑  𝐵 . 
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If for A, B       α-fuzziness of A is lower than α-fuzziness of B, it does not 
necessarily mean that  ≺ 𝐵.  
 
2.2.2 𝛂-sharper approximation of a fuzzy set 
Fuzzy sets, as more realistic descriptions of vague notions, might be ―too fuzzy‖ 
for further manipulations. Many researchers have studied methods of approximation 
of fuzzy sets by crisp sets. Radecki and then De Baets and Kerreproposed fuzzy 
α  cut of a fuzzy set A as a fuzzy set  ̂ :     ,  , defined by 
 
?̂?𝜶 𝐱    𝐱               𝐟𝐨𝐫 𝐚𝐥𝐥   𝑨𝜶,                                 (23) 
 
?̂?𝜶 𝐱                        𝐟𝐨𝐫 𝐚𝐥𝐥   𝑿  𝑨𝜶.                           (24) 
 
Approximation of A by  ̂  excludes from A all objects 𝑥    with small 
coefficients A(x). 
 
Definition 3. Let A   𝑿) and let 𝜶    , 𝟏 . A generalized 𝜶  𝐜𝐮𝐭 of A is a fuzzy 
set 𝒈𝜶 𝑨    𝑿  which satisfies the following properties: 
𝑮𝟏𝜶: If A is a continuous function on X then 𝒈𝜶 𝑨  is a continuous function on 
X for all 𝜶 ≠  . 𝟓; 
𝑮𝟐𝜶: If 𝜶   . 𝟓 then 𝒈𝜶 𝑨  𝑨𝜶; 
𝑮𝟑𝜶: If 𝜶   .  then 
 
𝒈𝜶 𝑨    ≥ 𝑨     𝐰𝐡𝐞𝐧 𝑨   ≥ 𝜶,                                            (25) 
 
𝒈𝜶 𝑨     𝑨     𝐰𝐡𝐞𝐧 𝟏  𝜶  𝑨   ＜𝜶,                             (26) 
 
𝒈𝜶 𝑨        𝐰𝐡𝐞𝐧 𝑨   ＜𝟏  𝜶,                                             (27) 
 
𝑮𝟒𝜶: if 𝜶＜ . 𝟓 then 
 
𝒈𝜶 𝑨     𝑨     𝐰𝐡𝐞𝐧 𝑨   ＜𝛂,                                             (28) 
 
𝒈𝜶 𝑨    ≥ 𝑨     𝐰𝐡𝐞𝐧 𝛂  𝑨   ＜𝟏  𝛂,                              (29) 
 
𝒈𝜶 𝑨     𝟏  𝐰𝐡𝐞𝐧 𝑨   ≥ 𝟏  𝛂.                                        (30) 
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Proposition 3. Let A  F(X). For 𝜶    , 𝟏 , 𝑨𝜶 ≺𝜶 𝒈𝜶 𝑨 ≺𝜶 𝑨 
 
Proposition 4. Let A,B  F(X) by fuzzy sets described by continuous membership 
function on X. Let  ≺𝜶 𝑨. If 𝜶    . 𝟓, 𝟏  and B(x)=0 for all x  𝑨𝟏−𝜶, then B 
satisfies the properties of 𝒈𝜶 𝑨 . If 𝜶    ,  . 𝟓  and B(x)=1 for all x  𝑨𝟏−𝜶, then 
B satisfies the properties of 𝒈𝜶 𝑨 . 
The crisp  -cut    gives the following intervals for the location of the original 
coe9cients A(x): if   (x)=1 then A(x)   [ ,1] and if    (x)=0 then A(x)   [0,  ). 
For   ≠0.5, a generalized   -cut provides narrower (and therefore better) intervals 
for location of A(x). Approximation of a fuzzy set A by its fuzzy  -cut or by a 
generalized  -cut can be considered a partial  -defuzzification of A.  
 
2.2.3 𝛂-sharper approximation of a fuzzy number 
Many researchers have suggested that vague, non-precise quantities should be 
described by fuzzy numbers. A fuzzy number A is a fuzzy set de.ned on the set   of 
all real numbers that satisfies the following properties: 
1. A must be a normal fuzzy set (which means that  up   A(x)=1, where wup 
denotes supermum); 
2.    must be a closed interval of real numbers for every     ,  ; 
3. the support of A (which means the set             ) must be bounded. 
Further in this research, A can be expressed for all     in the canonical 
from 
 
𝑨    {
 𝒇𝑨            𝐰𝐡𝐞𝐧    𝒂, 𝒃 ,       
𝟏               𝐰𝐡𝐞𝐧    𝒃, 𝒄 ,     
𝒉𝑨            𝐰𝐡𝐞𝐧    𝒄, 𝒅 ,      
                𝐨𝐭𝐡𝐞𝐫𝐰𝐢𝐬𝐞,             
                           (31) 
 
where a,b,c,d    such that  a  b c d, 𝑓𝐴is a real-valued function that is 
strictly increasing and right-continuous, and 𝑕𝐴  is a real-valued function that is 
strictly decreasing and left-continuous. 
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         𝐰𝐡𝐞𝐧    𝒂, 𝒃 ,       
𝟏               𝐰𝐡𝐞𝐧    𝒃, 𝒄 ,     
𝒅− 
𝒅−𝒄
         𝐰𝐡𝐞𝐧    𝒄, 𝒅 ,      
                𝐨𝐭𝐡𝐞𝐫𝐰𝐢𝐬𝐞.             
                            (32) 
 
For all    , is called a trapezoidal fuzzy number and it is fully characterized 
by quadruple 〈a, b, c, d〉  of real numbers. Delgado et al. suggested a canonical 
representation of a fuzzy number by a trapezoidal fuzzy number that has the same 
basic attributes (value, ambiguity, and fuzziness) as the original fuzzy number. 
 
Definition 4. Let A be a fuzzy number given by (17), where A is a continuous function 
on   and let     ,  . Let 𝑡1  𝑓𝐴
−1   , 𝑡2  𝑕𝐴
−1   , 𝑟1  𝑓𝐴
−1      and 
𝑟2  𝑕𝐴
−1     . Then the first standard  -level trapezoidal approximation of A is 
the trapezoidal fuzzy number 𝑇 
1    〈𝑎1, 𝑏1, 𝑐1, 𝑑1〉, where 
 
𝒂𝟏  𝐦𝐢𝐧 , 𝟏,  𝟏  
 𝟏−𝒕𝟏
𝐦𝐚𝐱 𝟏−𝜶,𝛂 
-                                        (33) 
 
𝒃𝟏  𝐦𝐚𝐱 , 𝟏,  𝟏  
 𝟏−𝒕𝟏
𝐦𝐚𝐱 𝟏−𝜶,𝛂 
-,                                        (34) 
 
𝒄𝟏  𝐦𝐢𝐧 , 𝟐,  𝟐  
 𝟐−𝒕𝟐
𝐦𝐚𝐱 𝟏−𝜶,𝛂 
-,                                        (35) 
 
𝒅𝟏  𝐦𝐚𝐱 , 𝟐,  𝟐  
 𝟐−𝒕𝟐
𝐦𝐚𝐱 𝟏−𝜶,𝛂 
-.                                        (36) 
 
It is easy to check that for     , .   the membership function of 𝑇 
1    for 
𝑥  [𝑎1, 𝑏1] is the function that describes the line determined by points [𝑡1, α], [𝑟1,  ], 
and for 𝑥  [𝑐1, 𝑑1] the function that describes the line determined by points [𝑟2,  ], 
[𝑡2, α]. 
For     . ,  , the membership function of 𝑇 
1    for 𝑥  [𝑎1, 𝑏1 ] is the 
function that describes the line determined by points [𝑡1, α], [𝑟1,  ], and for 𝑥  [𝑐1, 𝑑1] 
the function that describes the line determined by points [𝑟2,  ], [𝑡2, α]. 
From Definition4 it follows: 
1. 𝑇 
1 is a continuous function for  ≠  . . 
2. If    .  then 𝑟1  𝑡1 , 𝑟2  𝑡2 ,       and therefore 𝑎1  𝑏1 , 
                       𝑐1  𝑑1. This means that 𝑇0.5
1      0.5. 
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3. If    .  then 𝑇 
1    𝑥 =0 for all 𝑥    such that A(x) 1-  . 
4. If    .  then 𝑇 
1    𝑥 =1 foe all 𝑥    such that A(x)≥1-  . 
 
Proposition 5. Let A be a fuzzy number given by (19) where A is a continuous 
function on  , let 𝜶    . 𝟓, 𝟏  and let n be a positive integer. Let 𝒕𝟏  𝒇𝑨
−𝟏 𝜶 , 
𝒕𝟐  𝒉𝑨
−𝟏 𝜶 ,  𝟏  𝒇𝑨
−𝟏 𝟏  𝜶  and  𝟐  𝒉𝑨
−𝟏 𝟏  𝜶 . Then the nth standard 
𝜶-level trapezoidal approximation of A is the trapezoidal fuzzy number  𝜶
𝒏 𝑨 = 
〈𝒂𝒏, 𝒃, 𝒄𝒏, 𝒅𝒏〉, where if 𝜶 ≥  . 𝟓 then  
 





,                                     (37) 
 








),                                (38) 
 








),                                (39) 
 





,                                     (40) 
 
while if 𝜶   0.5 then  
 








),                                (41) 
 





,                                     (42) 
 





,                                     (43) 
 








).                                (44) 
 
Proof. Let 𝜶 ≥  . 𝟓. We will prove by mathematical induction that 
 





                                     (45) 
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which is equivalent to (37). 
Let n=1. Then 𝒕𝟏  𝒂𝟏   𝒕𝟏   𝟏  and 𝒂𝟏   𝟏 which is (33). 
Suppose that (45) is valid for n=k. Then 
 





                                      (46) 
 
We will show that 𝒂𝒌 𝟏 also satisfies (31). Because the support of  𝛂
𝒌 𝟏 𝑨  
(the set of all 𝐱    such that  𝛂
𝒌 𝟏 𝑨      ) is equal to the (1-𝛂)-cut of  𝜶
𝒌 𝑨 , 
we have that  𝜶
𝒌 𝟏 𝑨  𝒂𝒌 𝟏  𝟏  𝜶. Then 𝒂𝒌 𝟏 is the x-coordinate of the point [x, 
1- 𝜶] on the line determined by points [𝒂𝒌, 𝟏] and [𝒕𝟏, 𝜶]. Therfore, 
 
 𝟏  𝜶    
𝜶   
𝒕𝟏  𝜶𝒌
 𝜶𝒌 𝟏  𝜶𝒌  
and  
 
𝛂𝒌 𝟏  
𝟏  𝜶
𝛂




𝒕𝟏  𝜶𝒌 𝟏  𝒕𝟏  
𝟏  𝜶
𝛂
 𝒕𝟏  𝜶𝒌  𝜶𝒌   𝒕𝟏  𝜶𝒌  
𝟏  𝜶
𝛂
 𝒕𝟏  𝜶𝒌 
 (𝟏  
𝟏  𝜶
𝛂
)  𝒕𝟏  𝜶𝒌  . 
 
Because of (46) 
 
𝒕𝟏  𝜶𝒌 𝟏  (𝟏  
𝟏  𝜶
𝛂












which completes the proof of (45). 
Approximatively, we can prove that 
 





                                      (47) 
which is equivalent to (40). 
The real number 𝒃𝒏 in (𝒂𝒏, 𝒃, 𝒄𝒏, 𝒅𝒏) = 𝜶
𝒏 𝑨  is the x-coordinate of the point 
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[x,1] on the line determined by the points [𝒂𝒏,0] and [𝒕𝟏, 𝛂]. Therefore, 
 
𝟏    
𝜶   
𝒕𝟏  𝜶𝒏











𝒕𝟏  𝛂𝒏  𝛂𝒏𝜶  𝒕𝟏𝜶  𝒕𝟏𝜶
𝛂
 
𝒕𝟏𝜶   𝟏  𝜶 𝒕𝟏   𝟏  𝜶 𝛂𝒏
𝛂





Because of (45) 
 



















which proves (38). If n=1 then 
 
𝒃𝒏  𝒕𝟏    𝟏  𝒕𝟏 (
𝟏
𝜶
 𝟏)   𝟏  
 𝟏−𝒕𝟏
𝜶
                                (48) 
 
which is (34). 
The real number  𝑐𝑛 in (𝑎𝑛, 𝑏, 𝑐𝑛, 𝑑𝑛) =𝑇 
𝑛    is the x-coordinate of the point 
[x,1] on the line determined by the points [𝑑𝑛,0] and [𝑡2, α]. Therefore, 
 
𝟏    
𝜶   
𝒕𝟐  𝒅𝒏







 𝒕𝟐  𝐝𝒏  𝐝𝒏. 
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Then, using (47), 
 








)                                 (49) 
 
which proves (39). If n=1 then 
 
𝒄𝟏  𝒕𝟐    𝟐  𝒕𝟐 (
𝟏
𝛂
 𝟏)   𝟐  
 𝟐−𝒕𝟐
𝛂
                                (50) 
 
which is (35). 
Let    . . We will prove by mathematical induction that 
 





                                      (51) 
 
which is equivalent to (42). 
Let n=1. Then 𝑏1  𝑡1  𝑟1  𝑡1, and 𝑏1  𝑟1, which is (34). 
Suppose that (51) is called for n=k. Then 
 





                                      (52) 
 
We will show that 𝑏𝑘 1 also satisfies (51). Because the core of 𝑇 
𝑘 1    (the 
set of all     such that A(x)=1) is equal to the (1-α)-cut of 𝑇 
𝑘   , we have that 
𝑇 
𝑘 1    𝑏𝑘 1     . Then 𝑏𝑘 1 is the x-coordinate of the point [x, 1-  ] on the 
line determined by points [𝑏𝑘,  ] and [𝑡1,  ]. Therfore, 
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Because of (52), 
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which completes the proof (51). We can prove that 
 





                                  (53) 
 
which is equivalent to (43). 
The real number 𝒂𝒏 in 〈𝒂𝒏, 𝒃𝒏, 𝒄𝒏, 𝒅𝒏〉= 𝜶
𝒏 𝑨  is the x-coordinate of the point 
[x,0] on the line determined by the point [𝒃𝒏, 𝟏].Therefore, 
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Because of (51), 
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)                                 (54) 
 
which is (41), if n=1 then 
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which is (33). 
The real number 𝑑𝑛 in 〈𝑎𝑛, 𝑏𝑛, 𝑐𝑛, 𝑑𝑛〉=𝑇 
𝑛    is the x-coordinate of the point 
[x,0] on the line determined by the point [𝑡2,  ]. Therefore, 
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Then, using (53) 
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2.3 Fuzzy Linguistic Scale 
2.3.1 Linguistic variables 
According to Zadeh (1975), it is very difficult for conventional quantification to 
express reasonably those situations that are overtly complex or hard to define; thus the 
notion of a linguistic variable is necessary in such situations. A linguistic variable is a 
variable whose values are words or sentences in a natural or artificial language, and 
we use this kind of expression to compare two criteria by linguistic variables in a 
fuzzy environment as ―absolutely important,‖ ―very strongly important,‖ ―essentially 
important,‖ ―weakly important,‖ and ―equally important‖ with respect to a fuzzy 
five-level scale. Membership functions of linguistic variable for two criteria as Fig. 3. 
 
 
Figure. 3 Membership functions of linguistic variable for two criteria 
 
2.3.2 Fuzzy weights for the hierarchy process 
Buckley (1985) was the first to investigate fuzzy weights and the fuzzy utility for 
the AHP technique, extending AHP by the geometric mean method to derive the fuzzy 
weights. In Saaty (1980), if A= 𝑎  ] is a positive reciprocal matrix, then the geometric 




. Here Saaty defined 
     as the largest eigenvalue of the weight 𝑤 as the component of the normalized 
eigenvector corresponding to    , where 𝑤 =𝑟   𝑟1    𝑟  .  Buckley (1985) 
considered a fuzzy positive reciprocal matrix  ̃= [?̃?  ], extending the geometric mean 
technique to define the fuzzy geometric mean of each row ?̃?  and fuzzy weight 
?̃? corresponding to each criterion as follows: 
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 ̃𝒊   ?̃?𝒊𝟏   ?̃?𝒊𝒎 
𝟏 𝒎                                              (56) 
 
?̃?𝒊   ̃𝒊   ̃𝟏    ̃𝒎 
−𝟏                                            (57) 
   
2.3.3 Ranking the fuzzy measure and aggregation 
Sugeno (1974) introduced the concepts of fuzzy measure and fuzzy integral, 
generalizing the usual definition of a measure by replacing the usual additive property 
with a weaker requirement, i.e., the monotonicity property with respect to set 
inclusion. In this section introduced the theory of fuzzy measure and fuzzy integral. 
For a more detailed account, refer to Dubois and Prade (1980), Grabisch (1995), 
Hougaard and Keiding (1996), among others. 
 
Definition 1. Let X be a measurable set that is endowed with properties of 
 -algebra, where   is all subsets of X. A fuzzy measure g, defined on the measurable 
space (X,  ), is a set function g.     ,  , which satisfies the following properties (1) 
g( )=0, g(X)=1 (boundary conditions); (2) ∀A, B   , if A   B then g(A) g(B) 
(monoronicity); (3) for every sequence of subsets of X, if either  1   2  or 
 1   2   , then lim   g(  )=g(lim     ). 
As in the above definition, (X,  , g) is said to be a fuzzy measure space. Furthermore, 
as a consequence of the monotonicity condition, we can obtail: 
 
{
𝐠 𝑨    ≥ 𝐦𝐚𝐱 𝐠 𝑨 , 𝐠    
𝐠 𝑨     𝐦𝐢𝐧 𝐠 𝑨 , 𝐠    
                                        (58) 
 
while the two strict cases of measure g as 
 
{
𝐠 𝑨     𝐦𝐚𝐱 𝐠 𝑨 , 𝐠    
𝐠 𝑨     𝐦𝐢𝐧 𝐠 𝑨 , 𝐠    
                                   (59) 
 
Are called possibility measure and necessity measure, respectively. 
 
Definition 2. Let (X,  , g) be a fuzzy measure space. Then the Choquet integral of a 
fuzzy measure g.     , 𝟏  with respect to a simple function h is defined by  
 
∫𝒉    𝒅𝐠  ∑  𝒉  𝒊  𝒉  𝒊−𝟏  
𝒏
𝒊=𝟏  𝐠 𝑨𝒊                              (60) 
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with the same notions as above, and 𝒉         
 
From the beginning of the application of fuzzy measures and fuzzy integrals to 
multicriteria evaluation problems, it has been thought there was dependence between 
criteria. Keeney and Raiffa (1976) advocated the multiattribute multiplicative utility 
function, called the nonadditive multicriteria evaluation technique, to refine situations 
that do not conform to the assumption of independence between criteria (Ralescu and 
Adams 1980, Chen and Tzeng 2001, Chen and others 2000). Keeney‘s nonadditive 
multicriteria evaluation technique using Choquet integrals to derive the fuzzy 
synthetic utilities of each strategy for criteria as follows. 
 
Let g be a fuzzy measure that is defined on a power set P(x) and satisfies 
definition 1 above. The following characteristic is evidently. 
 
∀𝑨,    𝑿 , 𝑨      𝐠  𝑨     𝐠  𝑨  𝐠      𝐠  𝑨 𝐠            (61)                                    
for -1     
 
where set 𝑿    𝟏,  𝟐,  ,  𝒏 , and the density of fuzzy measure 𝐠𝒊  𝐠    𝒊   can 
be formulated as follows: 
 
  𝒈𝝀   𝟏,  𝟐, … ,  𝒏   ∑𝒈𝒊
𝒏
𝒊=𝟏





𝒈𝒊𝟐    𝝀
𝒏−𝟏‧𝒈𝟏‧𝒈𝟐 …𝒈𝒏 
              
𝟏
𝝀
|∏ (𝟏  𝝀‧𝒈𝟏)  𝟏
𝒏
𝒊=𝟏 |                             (62) 
for    𝜆＜  
 
For an evaluation case with two criteria, A and B, one of three cases as following 
will be sustained, based on the above properties: 
 
Case 1: If    , i.e., 𝐠  𝑨    𝐠  𝑨  𝐠    , then this implies A and B 
have multiplicative effect. 
Case 2: If    , i.e., 𝐠  𝑨    𝐠  𝑨  𝐠    , then this implies A and B 
have additive effect. 
Case 3: If    , i.e., 𝐠  𝑨    𝐠  𝑨  𝐠    , then this implies A and B 
have substitutive effect. 
 
Let h be a measurable set function defined on the fuzzy measurable space (X,  ) 
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and suppose that 𝑕 𝑥1 ≥ 𝑕 𝑥2 ≥  𝑕 𝑥𝑛 , then the fuzzy integral of fuzzy measure 
g( ) with respect to h( ) can be defined as follows(Ishii and Sugeno 1985). 
 
∫𝒉‧𝒅𝒈  𝒉  𝒏 ‧𝒈 𝑯𝒏   𝒉  𝒏−𝟏  𝒉  𝒏  ‧𝒈 𝑯𝒏−𝟏     𝒉  𝟏  
    𝒉  𝟐  ‧𝒈 𝑯𝟏  𝒉  𝒏 ‧ 𝒈 𝑯𝒏  𝒈 𝑯𝒏−𝟏    𝒉  𝒏−𝟏 ‧ 𝒈 𝑯𝒏−𝟏  
                              𝒈 𝑯𝒏−𝟐      𝒉  𝟏 ‧𝒈 𝑯𝟏                       (63) 
 
where 𝐻1   𝑥1 , 𝐻2   𝑥1, 𝑥2 , … , 𝐻𝑛   𝑥1, 𝑥2, … , 𝑥𝑛   . 
In addition, if 𝜆   ,and 𝑔1  𝑔2    𝑔𝑛  then  𝑕 𝑥1 ≥ 𝑕 𝑥2 ≥ 𝑕 𝑥𝑛   is 
not necessary. 
 
The result of fuzzy synthetic decisions reached by each alternative is a fuzzy 
number. Therefore, it is necessary that the nonfuzzy ranking method for fuzzy 
numbers be employed during the comparison of the strategies. In previous work, the 
procedure of defuzzification has been to locate the best nonfuzzy performance (BNP) 
value. Methods of such defuzzified fuzzy ranking generally include the mean of 
maximal, center of area (COA), and  -cut (Zhao and Govind 1991, Tsaur and others 
1997, Tang and others 1999). Utilizing the COA method to determine the BNP is 
simple and practical, and there is no need to introduce the preferences of any 
evaluators. The BNP value of the triangular fuzzy number  𝐿  ,    , 𝑈    can be 
found by the following equation: 
 
 𝑵 𝒊  
  𝑼 𝒊−𝑳 𝒊   𝑴 𝒊−𝑳 𝒊  
𝟑
 𝑳 𝒊, ∀𝒊                                  (64) 
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Chapter 3 Multiple Criteria Decision Making 
 
The theory of fuzzy sets and fuzzy logic developed by Zadeh (1965) has been 
used to model uncertainty or lack of knowledge and applied to a variety of MCDM 
problems. Bellman and Zadeh (1970) introduced the theory of fuzzy sets in problems 
of MCDM as an effective approach to treat vagueness, lack of knowledge and 
ambiguity inherent in the human decision making process which are known as fuzzy 
multi-criteria decision making (FMCDM).  
 
3.1 DEMATEL and Fuzzy DEMATEL 
3.1.1 DEMATEL 
The decision making trial and evaluation laboratory (DEMATEL) method is 
based on digraphs, which can separate involved criteria into cause group and effect 
group. A digraph may typically represent a communication network or some 
domination relation between individuals, etc. Suppose a system contains a set of 
elements 𝑆   𝑠1, 𝑠2 … , 𝑠𝑛  and particular pair wise relations are determined for 
modeling with respect to a mathematical relation R. 
Next, portray the relation R as a direct-relation matrix that is that is indexed 
equally on both dimensions by elements from the set S. Then, except the case is not 
relation where the number 0 appears in the cell (i, j), if the entry is a positive integral, 
this means: (1) the ordered pair (𝑠 , 𝑠 ) is in the relation matrix R, and (2) shown 
element 𝑠  causes element 𝑠  
Both interpretive structural modeling (ISM) and DEMATEL are based on 
digraphs. Digraphs portray a contextual relation between the elements of a system and 
can be converted into a visible structural model of a system with respect to that 
relation (Warfield, 1974). In contrast with the ISM, which is developed using binary 
data, the DEMATEL is applied by ranking values. The tangible product of an ISM 
exercise is a structural model called a ―map‖, which is a multilevel structure like a 
hierarchy (Warfield, 1977). Hierarchies are fundamental in the study of many kinds of 
complex systems (Warfield, 1973). By contract, the tangible product of a DEMATEL 
exercise is a structural model appearing as a ―causal diagram‖ which may divide 
subsystem into cause group and effect group.   
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Tzeng et al. (2007) indicates that DEMATEL can enhance the understanding on 
special problems, collaborate with the problem groups, and provide feasible idea by 
level structure. The method can be arranged as follows: 
 
Step 1: Calculate the initial average matrix by scores. In this step, respondents are 
asked to indicate the degree of direct influence each criteria i exerts on each 
factor/element j, which is denoted by aij. We assume that the scales 0, 1, 2, 3 and 4 
represent the range from ―no influence‖ to ―very high influence‖. Each respondent 
would produce a direct matrix, and an average matrix A is then derived through the 
mean of the same factors/elements in the various direct matrices of the respondents. 


















A                                           (65) 
 
Step 2: Calculate the initial influence matrix X. The initial direct influence matrix X can 
be obtained by normalizing the average A. And the matrix X can be obtained 
through Eq. (54) and (55). 



















                                         (67) 
 
Step 3: Derive the full direct/indirect influence matrix T. T of NRM can be derived 
by using a formula (4), where I denotes the identity matrix; i.e., a continuous decrease 






 ]0[lim  where 
nnijXX  ][ , 10  ijX  and 10  ijX , only one 
column or one row sum equals 1, but not all. The total-influence matrix is listed as 
follows. 
T = 132  )( XIXXXXX q  
= 112 ))()((   XIXIXXXIX q  
= 1))((  XIXIX q  
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when ,q   
nn
q
X  ][0 , 
then  
1)(  XIXT                                                              (68)
 
where [ ]ij n nt T , , 1,2,..., .i j n   
 
Step 4: Construct the NRM based on the vectors r and c. The vectors r and c of 
matrix T represent the sums of rows and columns respectively, which are shown as 










   
 
















ijnj tcc                                                     (70) 
 
where i denotes the row sum of the i row of matrix T and shows the sum of direct and 
indirect effects of criteria i on the other criteria. Similarly, c denotes the column sum of 
the j column of matrix T and shows the sum of direct and indirect effects criteria j has 
received from the other criteria. In addition, when i j , 
)( ii cr  it presents the index 
of the degree of influences given and received; i.e., 
)( ii cr   reveals the strength of the 
central role that factor i  plays in the problem. If 
)( ii cr  is positive representing that 
other factors are impacted by factor i . On the contrary, if 
)( ii cr   is negative, other 
factors has influences on factor i  and thus the NRM can be constructed. (Tamura et al., 
2002；Tzeng et al., 2007). 
 
3.1.2 Fuzzy DEMATEL 
To establish a structural model of the strategy map, executives‘judgments for 
deciding the relationship between objectives of the organizations are usually derived 
based on a process group decision making procedure. It is quite considerable that, due 
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to the human judgmental characteristics of strategy mapping, the boards of executives 
assign their preferences and importance to any relationships among the selected 
strategic objectives with actually crisp values. But these crisp values are inadequate in 
the real world. Indeed, these human judgments with preferences in the process of 
decision making in general are often unclear and hard to estimate by exact numerical 
values has created the need for fuzzy logic (Lin& Wu, 2004). 
As it is clear the general manager(s) decides about the weight of causality 
between the objectives by his/her own knowledge and experiences, this is a human 
centric activity and certainly is processed in uncertain environments. Therefore, 
enabling the DEMATEL method to be suitable for solving multi-person and 
multicriteria decision-making problems in fuzzy environments, it is needed to build an 
extended crisp DEMATEL method by applying linguistic variables (Lin & Wu, 2004). 
Indeed, to deal with the ambiguity of human assessments, the preferences of decision 
makers‘(general managers) are extended to fuzzy numbers by adopting fuzzy 
linguistic scale. On the other word, a more sensible approach is to use linguistic 
assessments instead of numerical values, in which all assessments of strategic 
objectives of strategy map are evaluated by means of linguistic variables. 
By adopting a fuzzy triangular number, a fuzzy DEMATEL exertion will be in 
place by expressing different degrees of influences or causalities in crisp DEMATEL, 
with five linguistic terms as {Very high, High, Low, Very low, No} and their 
corresponding positive triangular fuzzy numbers (Lin &Wu, 2004). These linguistic 
terms are shown in Table. 1. 
 
Table. 1 The correspondence of linguistic terms and linguistic values. 
Linguistic terms Linguistic value 
Very High Influence (VH) (0.75, 1.0, 1.0) 
High Influence (H) (0.5, 0.75, 1.0) 
Low Influence (L) (0.25, 0.5, 0.75) 
Very Low Influence (VL) (0, 0.25, 0.5) 
No Influence (No) (0, 0, 0.25) 
 
At the next step (Lin & Wu, 2004) subject to the fuzzy linguistic scale and due to 
extracted strategy map, every general manager is asked to make pair wise relationships 
between each pair of objectives O = {Oi|i = 1, 2, . . . , n}. On the other hand, if he/she 
says objective O10 has Very High Influence (VH) on O5, he/she indicates his/her 
preferences for the casual relationship between these two strategic objectives. Indeed, 
in this process, any individual preferences and assessment about the causality between 
each pair of the strategic objectives are measured through a fuzzy number assigning. 
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Tzeng et al. (2007) indicates that DEMATEL can enhance the understanding on special 
problems, collaborate with the problem groups, and provide feasible idea by level 
structure. The method can be arranged as follows: 
 
3.2 AHP and Fuzzy AHP 
The analytic hierarchy process (AHP) was proposed by Saaty (1980). It has been 
widely used in multiple criteria decision making (MCDM) to evaluate/select 
alternatives for many years. However, using the AHP must assume that the 
information sources involved are non-interactive/ independent. This assumption is not 
realistic in many real-world applications. In order to solve this problem, Saaty (1996) 
proposed a new MCDM method, the ANP, to overcome the problems of 
interdependence and of feedback between criteria and alternatives in the real world. 
The ANP is an extension of the AHP; indeed, it is the general form of the AHP.  
 
3.2.1 AHP 
In the AHP approach, the decision problem is structured hierarchically at 
different levels with each level consisting of a finite number of decision elements. The 
upper level of the hierarchy represents the overall goal, while the lower level consists 
of all possible alternatives. One or more intermediate levels embody the decision 
criteria and sub-criteria (Partovi, 1994). The weights of the criteria and the scores of 
the alternatives, which are called local priorities, are considered as decision elements 
in the second step of the decision process. The decision-maker is required to provide 
his preferences by pair-wise comparisons, with respect to the weights and scores. In 
addition, the AHP is simple because there is no need of building a complex expert 
system with the decision maker‘s knowledge embedded in it. The AHP can be 
implemented in three simple consecutive steps: 
1. Computing the vector of criteria weights.  
2. Computing the matrix of option scores.  
3. Ranking the options.  
Each step will be described in detail in the following. It is assumed that m 
evaluation criteria are considered, and n options are to be evaluated. 
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3.2.1.1 Computing the vector of criteria weights  
In order to compute the weights for the different criteria, the AHP starts creating a 
pair wise comparison matrix A. The matrix A is a 𝑚 × 𝑚 real matrix, where m is the 
number of evaluation criteria considered. Each entry 𝑎 𝑘 of the matrix A represents the 
importance of the jth criterion relative to the kth criterion. If 𝑎 𝑘   , then the jth 
criterion is more important than the kth criterion, while if 𝑎 𝑘   ,then the jth criterion 
is less important than the kth criterion. If two criteria have the same importance, then the 
entry 𝑎 𝑘 is 1. The entries 𝑎 𝑘 and 𝑎𝑘  satisfy the following constraint: 
 
𝒂𝒋𝒌  𝒂𝒌𝒋  𝟏                                                (71) 
 
The relative importance between two criteria is measured according to a numerical 
scale from 1 to 9, as shown in Table. 2 where it is assumed that the jth criterion is 
equally or more important than the kth criterion. The phrases in the ―Interpretation‖ 
column of Table. 2 are only suggestive, and may be used to translate the decision 
maker‘s qualitative evaluations of the relative importance between two criteria into 
numbers. It is also possible to assign intermediate values which do not correspond to a 
precise interpretation. 
 
Table. 2 Relative scores of AHP 
Value of 𝐚𝐣𝐤 Interpretation 
1  j and k are equally important  
3  j is slightly more important than k  
5  j is more important than k  
7  j is strongly more important than k  
9  j is absolutely more important than k  
 
Once the matrix A is built, it is possible to derive from A the normalized pairwise 
comparison matrix  𝑛𝑜𝑟  by making equal to 1 the sum of the entries on each column, 







                                                        (72) 
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Finally, the criteria weight vector w (that is an m-dimensional column vector) is 







                                           (73) 
 
3.2.1.2 Computing the matrix of option scores  
The matrix of option scores is a n×m real matrix S. Each entry 𝑠   of S represents 
the score of the ith option with respect to the jth criterion. In order to derive such scores, 
a pairwise comparison matrix B    is first built for each of the m criteria, j=1,...,m. The 
matrix  B    is a n×n real matrix, where n is the number of options evaluated. Each 
entry 𝑏 ℎ
   
 of the matrix  B    represents the evaluation of the ith option compared to 
the hth option with respect to the jth criterion. If 𝑏 ℎ
   
  , then the ith option is better 
than the hth option, while if 𝑏 ℎ
   
  , then the ith option is worse than the hth option. If 
two options are evaluated as equivalent with respect to the jth criterion, then the entry 
𝑏 ℎ
   
 is 1. The entries 𝑏 ℎ
   
 and 𝑏ℎ 
   






 𝟏                                                    (74) 
 
and 𝑏  
   
   for all i. An evaluation scale similar to the one introduced in Table 1 
may be used to translate the decision maker‘s pairwise evaluations into numbers. 
Second, the AHP applies to each matrix      the same two-step procedure 
described for the pair wise comparison matrix A, i.e. it divides each entry by the sum of 
the entries in the same column, and then it averages the entries on each row, thus 
obtaining the score vectors  𝒔   , j=1,...,m. The  𝒔    vector contains the scores of the 
evaluated options with respect to the jth criterion. Finally, the score matrix S is obtained 
as 
 
S=[ 𝒔 𝟏   𝒔 𝒎 ]                                             (75) 
 
i.e. the jth column of S corresponds to 𝒔    
 
3.2.1.3 Ranking the options  
Once the weight vector w and the score matrix S have been computed, the AHP 
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obtains a vector v of global scores by multiplying S and w, i.e. 
 
v = S w                                                    (76) 
 
The ith entry 𝑣  of v represents the global score assigned by the AHP to the ith 
option. As the final step, the option ranking is accomplished by ordering the global 
scores in decreasing order. 
 
3.2.1.4 Analysis of consistency  
When many pair wise comparisons are performed, some inconsistencies may 
typically arise. One example is the following. Assume that 3 criteria are considered, and 
the decision maker evaluates that the first criterion is slightly more important than the 
second criterion, while the second criterion is slightly more important than the third 
criterion. An evident inconsistency arises if the decision maker evaluates by mistake 
that the third criterion is equally or more important than the first criterion. On the other 
hand, a slight inconsistency arises if the decision maker evaluates that the first criterion 
is also slightly more important than the third criterion. A consistent evaluation would be, 
for instance, that the first criterion is more important than the third criterion. 
The AHP incorporates an effective technique for checking the consistency of the 
evaluations made by the decision maker when building each of the pair wise 
comparison matrices involved in the process, namely the matrix A and the matrices 
 B   . The technique relies on the computation of a suitable consistency index, and will 
be described only for the matrix A. It is straightforward to adapt it to the case of the 
matrices  B    by replacing A with  B   , w with  𝑠   , and m with n. The Consistency 
Index (CI) is obtained by first computing the scalar x as the average of the elements of 
the vector whose jth element is the ratio of the jth element of the vector   𝑤 to the 
corresponding element of the vector w. Then, 
 
 𝑰  
 −𝒎
𝒎−𝟏
                                                       (77) 
 
A perfectly consistent decision maker should always obtain CI=0, but small values 




  . 𝟏                                                  (78) 
31 
the inconsistencies are tolerable, and a reliable result may be expected from the 
AHP.  
 
In (8) RI is the Random Index, i.e. the consistency index when the entries of A are 
completely random. The values of RI for small problems (m    ) are shown in Table. 
3. 
 
Table. 3 Values of the Random Index (RI) for small problems. 
m 2 3 4 5 6 7 8 9 10 
RI 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.51 
 
The matrices A corresponding to the cases considered in the above example are 
shown below, together with their consistency evaluation based on the computation of 
the consistency index. Note that the conclusions are as expected. 
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3.2.2 Fuzzy AHP 
There are various fuzzy AHP methods in the literature (Buckley, 1985; 
Dagdeviren, Yuksel, & Kurt, 2008; Deng, 1999; Leung & Cao, 2000; Mikhailov, 
2004). These methods are systematic approaches to the alternative selection and 
justification problem by using the concepts of fuzzy set theory and hierarchical 
structure analysis. Decision makers usually find that it is more confident to give 
interval judgments than fixed value judgments. This is because usually he/she is 
unable to explicit about his/her preferences due to the fuzzy nature of the comparison 
process. 
In this research, we prefer Chang‘s (1992, 1996) extent analysis method because 
the steps of this approach are easier than the other fuzzy AHP approaches. The steps 
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of Chang‘s (1992, 1996) extent analysis approach are as follows: Let 
   𝑥1, 𝑥2, … , 𝑥𝑛 be an object set, and 𝑈   𝑢1, 𝑢2, … , 𝑢   be a goal set. According 
to the method of Chang‘s (1992) extent analysis, each object is taken and extent 
analysis for each goal,𝑔 ,is performed, respectively. Therefore, m extent analysis 





𝟑 , … , 𝑴𝒈𝒊
𝒎 ,      𝒊  𝟏, 𝟐, … , 𝐧                                   (79) 
 
where all the  𝑔 
 
 (j=1,2,…,m) are TFNs. 
 
Step 1: The value of fuzzy synthetic extent with respect to the ith object is defined as 
 
𝑺𝒊  ∑ 𝑴𝒈𝒊
𝒋𝒎






                               (80) 
 
To obtain∑  𝑔 
  
 =1 , perform the fuzzy addition operation of m extent analysis 




𝒋=𝟏  (∑ 𝒍𝒋
𝒎
𝒋=𝟏 , ∑ 𝒎𝒋
𝒎
𝒋=𝟏 , ∑ 𝒖𝒋
𝒎
𝒋=𝟏 )                                  (81) 
 






, perform the fuzzy addition operation of  𝑔 
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𝒏
𝒊=𝟏 , ∑ 𝒎𝒊
𝒏
𝒊=𝟏 , ∑ 𝒖𝒊
𝒏
𝒊=𝟏                                (82) 
 























)                              (83) 
 
Step 2: The degree of possibility of  2= (𝑙2, 𝑚2, 𝑢2 )≥  1= (𝑙1, 𝑚1, 𝑢1 ) is defined as 
  
V (𝑴𝟐 ≥ 𝑴𝟏)= sup[min(𝝁𝑴𝟏   , 𝝁𝑴𝟐   )]                               (84) 
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and can be equivalently expressed as follows: 
 
𝑽 𝑴𝟐 ≥ 𝑴𝟏  𝐡𝐠𝐭 𝑴𝟏  𝑴𝟐   𝝁𝐌𝟐 𝒅   
                                          
1, if 𝒎𝟐 ≥ 𝒎𝟏 
0, if 𝒍𝟏 ≥ 𝒖𝟐 
              
𝒍𝟏−𝒖𝟐
 𝒎𝟐−𝒖𝟐 − 𝒎𝟏−𝒍𝟏 
, 𝐨𝐭𝐡𝐞𝐫𝐰𝐢𝐬𝐞                         (85) 
where d is the ordinate of the highest intersection point D between    and 
   (Fig. 4). To compare  1  and  2 , we need both the values of 𝑉  1 ≥
 2  and 𝑉  2 ≥  1 .  
 
Step 3: The degree possibility for a convex fuzzy number to be greater than k convex 
fuzzy numbers   (i=1, 2,…,k) can be defined by 
 
𝐕 𝐌 ≥ 𝑴𝟏,𝑴𝟐, … ,𝑴𝒌  𝐕  𝐌 ≥ 𝑴𝟏 𝐚𝐧𝐝 𝐌 ≥ 𝑴𝟐 × 𝐚𝐧𝐝…𝐚𝐧𝐝 𝐌 ≥ 𝑴𝒌   
                  𝒎𝒊𝒏𝑽 𝐌 ≥ 𝑴𝒊 ,                                       (86) 
                                        𝑖   ,2, … , 𝑘                   
 
 




𝐝′ 𝑨𝒊  𝐦𝐢𝐧𝐕 𝑺𝒊 ≥ 𝑺𝒌                                              (87) 
 
For 𝑘   ,2, … , 𝑛  𝑘 ≠ 𝑖 Then the weight vector is given by 
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𝑾′   𝐝′ 𝑨𝟏 , 𝐝
′ 𝑨𝟐 ,… , 𝐝
′ 𝑨𝒏  
                                       (88) 
 
where  1(i=1,2,…,n) are n elements. 
 
Step 4: Via normalization, the normalized weight vectors are 
 
𝑾   𝐝 𝑨𝟏 , 𝐝 𝑨𝟐 ,… , 𝐝 𝑨𝒏  
                                         (89) 
 
where W is a crisp (non-fuzzy) number. 
 
3.3 ANP and Fuzzy ANP 
The ANP handles dependence within a cluster (inner dependence) and among 
different clusters (outer dependence). The ANP is a nonlinear structure, while the 
AHP is hierarchical and linear with the goal at the top and the alternatives at lower 
levels (Saaty (1999)). The ANP has been applied successfully in many practical 
decision-making problems, such as project selection, product planning, green supply 
chain management, and optimal scheduling problems (Meade and Presley (2002), Lee 
and Kim (2000), Karsak et al.(2002), Sarkis (2003), Momoh and Zhu (2003)). The 
ANP method evaluates all relationships systematically by adding potential interactions, 
interdependences, and feedbacks in the decision making system. The powerful side of 
this method is to easily represent the decision making problem which involves many 
complicated relationships. This technique is not only enables the pair-wise 
comparisons of the sub-criteria under main criteria, but also provides the decision 
maker to independently compare all the sub-criteria which lies in interactions. 
In ANP procedures, the initial step is to compare the criteria in the whole system 
to form an unweighted supermatrix by pairwise comparisons. Then the weighted 
supermatrix is derived by transforming each column to sum exactly to unity (1.00). 
Each element in a column is divided by the number of clusters so each column will 
sum to unity exactly. Using this normalization method implies each cluster has the 
same weight. However, using the assumption of equal weight for each cluster to 
obtain the weighted supermatrix seems to be irrational because there are different 
degrees of influence among the criteria. 
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3.3.1 Combine DEMATEL and ANP for calculating weights of criteria 
The ANP is the general form of the analytic hierarchy process (AHP) (Saaty, 1980) 
which has been used in multicriteria decision making (MCDM) to release the restriction 
of hierarchical structure. The purpose is to solve the relaying and feedback problems of 
criteria. ANP loses the limited from Analytic Hierarchy Process, AHP, in other words, 
ANP generalize AHP. The biggest difference between the two methods is that ANP has 
decision problem when applies to cases and criteria; however, AHP neglects the 
problem and presume its independent relationship, so when feedback occur to exclude 
the cases and criteria, which might lead to affect decision making, ANP will yield a 
more practical result. Moreover, there is outer dependence among clusters and inner 










Figure. 5  Relation network structure 
According to Ou Yang et al. (2008), Supermatrix will assume each pair with same 
weight in normalizing. Although it is very easy to normalize with such method, but it 
also neglects the fact that different group should have different degree of effect. So 
combining DEMATEL and ANP to solve this problem will yield a more practical result. 
This study can be described in the following steps. 
 
Step 1: Compare the criteria in the whole to from the supermatrix. The decision 
problem and the structure of problem were built to offer an evident depiction of the 
problem and separate it into a relation network structure, The relative importance 
value can be determined using 1 to 9 to represent equal importance to extreme 
importance (saaty (1980 and 1996)).The general from of the supermatrix as shown in 
Eq. (90).  
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Step 2: Obtain the weighted supermatrix by multiplying the normalized matrix, which 
is derived according to the DEMATEL method. First, we use the DEMATEL method 
(Section3.1) to derive the NRM. Next, this study uses the total-influence matrix T and 
a threshold value to generate a new matrix. The values of the clusters in matrix T are 
reset to zero if their values are less thanα,i.e., they have a lower influence on the 
clusters if their values are less than α , the value of which is decided by 
decision-makers or experts. The new matrix withα -cut is called theα -cut 
total-influence matrix 
T











































                                               (91) 
Where if 
ijt , then 




 is in the total-influence matrix T. 
The α-cut total-influence matrix T  needs to be normalized by dividing by the 
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 .This study adopts the normalized α-cut total-influence matrix 
nT  and the unweighted supermatrix W using Eq.(94) to calculate the weighted 
supermatrix 
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Step 3: Limit the weighted supermatrix by raising it to a sufficiently large power p, as 
Eq.(83), until the supermatrix has converged and become a long-term stable 







lim                                                           (95) 
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3.3.2 Fuzzy ANP 
An initial study identified the multi-criteria decision technique, known as the 
Analytic Hierarchy Process (AHP), to be the most appropriate for solving complex 
decision-making problems (Yuksel & Dag˘deviren, 2007). AHP was first introduced 
by Saaty (1980) and used in different decision-making process (Bozdag˘, Kahraman, 
& Ruan, 2003; Kahraman et al., 2003; Kahraman, Ertay, & Buyukozkan, 2006; Tolga, 
Demircan, & Kahraman, 2005).  
The ANP, also introduced by Saaty, is a generalization of the AHP (Saaty, 1996). 
Whereas AHP represents a framework with a uni-directional hierarchical AHP 
relationship, ANP allows for complex interrelationships among decision levels and 
attributes. The  ANP feedback approach replaces hierarchies with networks in 
which the relationships between levels are not easily represented as higher or 
lower, dominant or subordinate, direct or indirect (Meade & Sarkis, 1999). For 
instance, not only does the importance of the criteria determine the importance of the 
alternatives, as in a hierarchy, but also the importance of the alternatives may have 
impact on the importance of the criteria (Saaty, 1996). Therefore,a hierarchical 
structure with a linear top-to-bottom form is not suitable for a complex system. There 
are many fuzzy AHP methods proposed by various authors (Buckley, 1985; Chang, 
1992, 1996; Cheng, 1997; Deng, 1999; Leung & Cao, 2000; Mikhailov, 2004; Van 
Laarhoven & Pedrycz,1983). These methods are systematic approaches to the 
alternative selection and justification problem by using the concepts of fuzzy set 
theory and hierarchical structure analysis.  
For the purpose of measuring the relationships among each dimension, it is 
required to using comparison linguistic terms of importance as shown in Table. 4. The 
different degrees of importance are expressed with five linguistic terms and the 
equivalent fuzzy membership functions for linguistic values are shown in Fig. 6. 
 
Table. 4  Linguistic terms of importance for evaluation 
Linguistic term Abbrev. Triangular fuzzy scale 
Very High  (VH) (0.75, 1.0, 1.0) 
High (H) (0.5, 0.75, 1.0) 
Low (L) (0.25, 0.5, 0.75) 
Very Low (VL) (0, 0.25, 0.5) 




Figure. 6 Fuzzy membership functions for linguistic values 
       
 
To evaluate the decision maker‘s judgments, pair-wise comparison matrices are 
created by using TFNs in Table 2. This comparison fuzzy matrix can be denoted as in 
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The element ã nwhich is given by (a n
l , a n
 , a n
u ) represents the comparison 
of the component m with the component n. Due to the operational laws of fuzzy 
numbers (Wang & Chang, 2007), the matrix  ̃ can be rewritten as in Eq. (85) by 
replacing ã nwith the corresponding reciprocal values (i.e. 1/a n) (Tuzkaya & Onut, 
2008)  
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The logarithmic least squares method (Chen, Hwang, & Hwang, 1992) is the 
most effective and efficient one and was used in our study. In this way, the triangular 
fuzzy weights for the relative importance of the factors, the feedback of the factors, 
and alternatives according to the individual factors can be calculated (Ramik, 2006). 
To compute the triangular fuzzy numbers, the logarithmic least squares method is used 




















  , 𝒔   𝒍,𝒎,𝒖                                             (99) 
 
3.4 VIKOR 
The VlseKriterijumska Optimizacija I Kompromisno Resenje VIKOR method 
was developed for multicriteria optimization of complex systems. It determines the 
compromise ranking-list, the compromise solution, and the weight stability intervals 
for preference stability of the compromise solution obtained with the initial (given) 
weights. This method focuses on ranking and selecting from a set of alternatives in the 
presence of conflicting criteria. It introduces the multicriteria ranking index based on 
the particular measure of ‗‗closeness‘‘ to the ‗‗ideal‘‘ solution (Opricovic, 1998). 
Suppose the feasible alternatives are represented by 
1 2, ,..., ,...,k mA A A A . The 
performance score of alternative 
kA  and the jth criterion is denoted by kjf ; jw  is the 
weight (relative importance) of the jth criterion, where 1,2,...,j n , and n  is the 
number of criteria. Development of the VIKOR method began with the following form 
of 
pL metric : 
* * 1/
1
{ [ (| |) / (| |)] }
n
p p p
k j j kj j j
j
L w f f f f 

   where 1 ;p  1,2,...,k m ; weight jw  is 
derived from the ANP. To formulate the ranking and gap measure  1p
kL
  (as 




kQ ) are used by VIKOR (Opricovic, 1998; Opricovic & Tzeng, 2002; 





[ ( | |) / (| |)]
n
p
k k j j kj j j
j
S L w f f f f 

     
* *max{(| |) /(| |) | 1,2, , }pk k j kj j j
j
Q L f f f f j n       
 




L  shows the synthesized gap to be the minimum 
and will be selected for its value to be the closest to the aspired level. Besides, the group 
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utility is emphasized when p  is small (such as 1p  ); on the contrary, if p  tends to 
become infinite, the individual maximal regrets obtain more importance in prior 
improvement (Freimer & Yu, 1976; Yu, 1973). Consequently, min k
k
S  stresses the 
maximum group utility; however, min k
k
Q  accents on the selecting the minimum from 
the maximum individual regrets. The compromise ranking algorithm VIKOR has four 
steps according to the above-mentioned ideas. 
 
Step 1: Obtain an aspired or tolerable level. We calculate the best *
jf  values (aspired 
level) and the worst 
jf
  values (tolerable level) of all criterion functions, 
1,2,..., .j n  Suppose the jth function denotes benefits: * maxj kj
k





or these values can be set by decision makers, i.e., *
jf  aspired 
level and 
jf
  the worst value. Further, an original rating matrix can be converted 
into a normalized weight-rating matrix by using the equation: 
 
* *(| |) / (| |)kj j kj j jr f f f f
                                    (100)
 
 
Step 2: Calculate mean of group utility and maximal regret. The values can be 








                                                        (101) 
 
and the maximal gap in k criterion for prior improvement such that 
 
            
= max{ | 1,2,..., }k kj
j
Q r j n                                       (102) 
 




* * * *( ) / ( ) (1 )( ) / ( ),k kv S S S S v Q Q Q Q
             (103) 
 





or setting * 0S   and max i
i
S S   or setting 1;S
   * min i
i
Q Q    or 
setting * 0Q   and max i
i
Q Q   or setting 1;Q 
 
and v  is presented as the 
weight of the strategy of the maximum group utility. 
 
Step 4: Rank or improve the alternatives for a compromise solution. Order them 
decreasingly by the value of 
kS , kQ  and .kR  Propose as a compromise solution the 
alternative (
(1)A ) which is arranged by the measure min{ | 1,2,..., }kR k m  when the 
two conditions are satisfied: C1. Acceptable advantage: (2) (1)( ) ( ) 1/ ( 1)R A R A m   , 
where 
(2)A  is the second position in the alternatives ranked by R . C2. Acceptable 
stability in decision making: Alternative 
(1)A  must also be the best ranked by 
kS  or/ 
and 
kQ . When one of the conditions is not satisfied, a set of compromise solutions is 
selected. The compromise solution is composed of: (1) Alternatives 
(1)A  and 
(2)A  if 
only condition C2 is not satisfied, or (2) Alternatives (1) (2) ( ), ,..., MA A A  if condition C1 
is not satisfied. 
( )MA  is calculated by the relation ( ) (1)( ) ( ) 1/ ( 1)MR A R A m    for 
maximum M (the positions of these alternatives are close).The compromise-ranking 
method (VIKOR) is applied to determine the compromise solution and the solution is 
adoptable for decision-makers in that it offers a maximum group utility of the majority 
(shown by min S), and a maximal regret of minimum individuals of the opponent 
(shown by min Q). This model utilizes the DEMATEL and ANP processes in Sections 
2.1 and 2.3 to get the weights of criteria with dependence and feedback and employs the 
VIKOR method to acquire the compromise solution.  
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Chapter 4 Maturity in Project Team  
 
4.1 Project maturity 
The concept of process maturity was developed in the Total Quality Management 
movement, where the application of statistical process control (SPC) techniques 
showed that improving the maturity of any technical process leads to two things: a 
reduction in the variability inherent in the process, and an improvement in the mean 
performance of the process (Terence, J. et al.,2003). 
Through the widely adopted ‗‗Capability Maturity Model‘‘ for software 
organizations, developed by the Software Engineering Institute of Carnegie-Mellon 
University between 1986 and 1993, this concept of process maturity migrated to a 
measure of ‗‗organizational‘‘ process maturity. Integral to the model is the concept 
that organizations advance through a series of five stages to maturity: initial level, 
repeatable level, defined level, managed level and optimizing level. ‗‗These five 
maturity levels define an ordinal scale for measuring the maturity of an organization‘s 
software process and for evaluating its software process capability. The levels also 
help an organization prioritize its improvement efforts.‘‘(Paulk, M. et al.,1993) The 
‗‗prize‘‘ for advancing through these stages is an increasing ‗‗software process 
capability‘‘, which results in improved software productivity. 
Since software is developed through projects, it is natural that the concept of 
organizational maturity would migrate from software development processes to 
project management, and this has been reflected in an interest in applying the concept 
of ‗‗maturity‘‘ to software project management (Morris Peter, 2000). Possibly as a 
result of this a number of project management maturity models appeared during the 
mid-1990s that were more heavily influenced by the thinking of the project 
management profession. 
 
4.1.1 The concept of project maturity 
Webster (1988) defines ‗‗mature‘‘ as being ripe or having reached the state of 
full natural or maximum development. Maturity is the quality or state of being mature. 
If we apply the concept of maturity to an organization it might refer to a state where 
the organization is in a perfect condition to achieve its objectives. Project maturity 
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would then mean that the organization is perfectly conditioned to deal with its projects. 
Skulmoski (2001) however, refers to Isabelle Saures, who explains organizational 
project maturity as the organization‘s receptivity to project management. This view 
extends ‗‗project maturity‘‘ from focusing predominantly on action. Building on this 
proposition, Skulmoski advocates a framework where competence and maturity are 
knitted together in order to increase project success. Competence is considered to be a 
combination of related knowledge, skills, and attitudes that influences performances. 
 
4.1.2 Maturity model 
―Maturity model‖ can be defined as described in the framework of how to 
improve or get some expectations (such as ability) process. ―Maturity of the term "that 
have the ability to continue to improve over time, so as to continue to succeed in the 
competition.  ―Mode‖ refers to a change in process, or the progress of the step.   
Maturity models have their origin in the field of total quality management (TQM). 
They drive strategically linked continues improvement and so require a thorough 
understanding of an organization‘s current position and where it aims to be in the 
future (Brookes and Clark,2009). A maturity model provides a systematic framework 
for implement benchmarking and performance improvement. 
Beginning as early as the Software Engineering Institute (SEI), which is affiliated 
with Carnegie Mellon University, began developing a process maturity framework for 
software development and it resulted in the publication of the Capability Maturity 
Model (CMM) with five levels, in 1991. It turns out that the CMM is quite robust and 
has application beyond software engineering, for which it was originally developed. 
There are two areas of application that it has spawned. They are the People Capability 
Maturity Model (P-CMM), which is a five-level model patterned after the five levels 
of the CMM, and the Project Management Maturity Model(PMMM) (Wysocki, 2004). 
The currently available models vary in the numbers of maturity levels they 
describe and will have a variety of titles for each level. For example some models 
developed by OGC have 5 levels: 
Level 1 -getting started/awareness/initial 
Level 2 -developing/focusing/repeatable/knowledge 
Level 3 -complying/practising/competence/defined 
Level 4 -sustaining/exploiting/managed/excellence 
Level 5 -advocating/transforming/optimized, 
In some other cases there may also be a Level 0 – unawareness. The optimum 
level of maturity is recognized as being the level that delivers the organization‘s 
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strategic objectives most effectively and efficiently, which does not necessarily mean 
Level 5. 
 
4.1.3 Project management maturity model 
From the 20th century to the 1990s, there have been a variety of project 
management maturity model, and more than 30 kinds of model. Maturity model is a 
framework that describes how to improve or obtain the expected value.  
The CMM first refers to project management at level 2, where the focus is on 
repeatability, and hence begins the definition of standards for project management. 
The PMMM takes these standards to the next level of development by defining a 
separate model for the process and practice of project management. The models 
parallels the CMM as it is described below (Wysocki, 2004). PMMM helps 
organizations address fundamental aspects of managing projects, improve the 
likelihood of a quality result and successful outcome and reduce the likelihood of risks 
impacting projects adversely (OGC, 2006). Reaching an excellence in project 
management can be achieved by project management maturity model (PMMM) which 
is comprised of five levels, as shown in Figure 7. Each of the five levels represents a 
different degree of maturity in project management (Kerzner, 2001; OGC, 2006; 
Wysocki, 2004; Cleland and Ireland, 2006). The levels are: 
Level 1 - Initial  
It is characteristic of processes at this level that they are (typically) 
undocumented and in a state of dynamic change, tending to be driven in an ad 
hoc, uncontrolled and reactive manner by users or events. This provides a 
chaotic or unstable environment for the processes. 
Level 2 - Repeatable 
It is characteristic of processes at this level that some processes are 
repeatable, possibly with consistent results. Process discipline is unlikely to be 
rigorous, but where it exists it may help to ensure that existing processes are 
maintained during times of stress. 
Level 3 - Defined 
It is characteristic of processes at this level that there are sets of defined and 
documented standard processes established and subject to some degree of 
improvement over time. These standard processes are in place (i.e., they are the 
AS-IS processes) and used to establish consistency of process performance 
across the organization. 
Level 4 - Managed 
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It is characteristic of processes at this level that, using process metrics, 
management can effectively control the AS-IS process (e.g., for software 
development ). In particular, management can identify ways to adjust and adapt 
the process to particular projects without measurable losses of quality or 
deviations from specifications. Process Capability is established from this level. 
Level 5 - Optimizing 
It is a characteristic of processes at this level that the focus is on continually 
improving process performance through both incremental and innovative 
technological changes/improvements. 
At maturity level 5, processes are concerned with addressing statistical common 
causes of process variation and changing the process (for example, to shift the mean of 
the process performance) to improve process performance. This would be done at the 
same time as maintaining the likelihood of achieving the established quantitative 





























Figure. 7 The five levels of project management maturity 
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Each process area has a consistent structure, which is both descriptive and 
focused on outcomes. These are functional achievement/process goals, approach, 
deployment, review, perception and performance measures (OGC, 2006). The project 
management maturity level measures an organization's effectiveness in delivering 
projects. It sizes up how far an organization has progressed toward incorporating 
project management as an effective way of work. The assessment provides an initial 
awareness for the status of project management in the organization and at the same 
time helps set the stage for making it better (Dinsmore, 1999). 
 
4.1.4 Capability maturity model for software 
The Capability Maturity Model (CMM) is a methodology used to develop and 
refine an organization's software development process. The model describes a 
five-level evolutionary path of increasingly organized and systematically more mature 
processes. CMM was developed and is promoted by the Software Engineering Institute 
(SEI), a research and development center sponsored by the U.S. Department of Defense 
(DoD). SEI was founded in 1984 to address software engineering issues and, in a broad 
sense, to advance software engineering methodologies. More specifically, SEI was 
established to optimize the process of developing, acquiring, and maintaining heavily 
software-reliant systems for the DoD. Because the processes involved are equally 
applicable to the software industry as a whole, SEI advocates industry-wide adoption of 
the CMM. 
The CMM maps organization‘s software project process on a five-level system. 
The five-levels are defined according to a set of activities described by the software 
process improvement (SPI) areas. When combined into the five-level model, each 
level represents one of five stages of maturity. The key process areas are summarized 
in Table 5. 
Table. 5  Key process activities for CMM 
Maturity levels Characteristics Key process activities 











Measuring quality of 
development process and its 
product 
Process change management 
Technology change management 
Defect prevention 
 
Software quality management 
Quantitative process management 
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Maturity levels Characteristics Key process activities 





































Software product engineering 
Integrated software management 
Training program 
Organization process definition 
Organization process focus 
 
Software configuration management 
Software quality assurance 
Software subcontract management 
Software project tracking and 





Project performance is viewed differently by each of the stakeholders in the 
system development effort. It is desirable to incorporate a breadth of success aspects 
when considering project performance. As such, project performance includes 
software engineering issues of efficiency and effectiveness, as well as organizational 
issues of control, communication, and organizational knowledge. (Jiang, et al., 2000; 
Jones, et al., 1996; Nidumolu, et al., 1995.) 
Efficiency is often considered to be measured by the quality of the software 
product, adherence to budgeted time and money, and cost of the software operation. 
Effectiveness is considered to be the applicability and adaptability of the software. 
The organizational issues involve the knowledge gained by the organization during 
development, the interpersonal relations maintained, and the ability to control the 
resources used by the project. 
 
4.1.5 K-PMMM 
K-PMMM model by the famous American consultants and training is the Kerzner 
(Harold Kerzner) Ph.D. in 2001 in his book "Strategic Planning for Project 
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Management Using a Project Management Maturity Model" is proposed, the book has 
been translated into many languages published. Project management K-PMMM model 
from the enterprise project management strategic planning perspective to proceed, like 




















Figure. 8  Kerzner project management maturity model 
 
Maturity Model Kerzner proposed project is divided into five rungs:  
1. Generic term (Common Language): in all levels of the organization,    
departments using a common management terminology.  
2. Universal Process (Common Processes): project management process in a  
successful application can be reused for other projects  
3. A single method (Singular Methodology): use project management to  integrated 
TQM , risk management , change management , coordination and design of 
various management methods.  
4. Benchmarking (Benchmarking): themselves with other companies to compare 
their management factors, comparative information extracted by  the project 
office to support these efforts  
5. Continuous Improvement (Continuous Improvement): from benchmarking  
information obtained documents created in experiential learning, organizational 
exchange experiences, improve project management strategic planning under the 
guidance of the project office.  
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 Each level has its assessment methods and assessment questions can be 
aggregated to assess the maturity of the cascade, analyze and formulate improvement 
measures insufficient to determine whether to enter the next rung. 
 
4.1.6 OPM3  
1998 PMI ( Project Management Institute ) started OPM3 program and expect to 
market competition as the standard model.  John Schlichter headed OPM3 program, 
and in the global recruited from 35 different countries, including China, more than 800 
different industries professionals involved. 
PMI OPM3 definition is: a method to assess their ability to implement the 
organization's strategic objectives through a single project and portfolio management, 
or to help organizations improve the market competitiveness of the method.  OPM3 
goal is to "help the organization by developing their ability to successfully and reliably, 
to choose according to plan and deliver projects to achieve its strategy."  OPM3 
provides users with a wealth of knowledge and self-assessment criteria for 
determining the organization's current state, and to develop appropriate improvement 
plan.  
Organizational Project Management Maturity Model (Organizational Project 
Management Maturity Model referred OPM3) is the latest release of PMI standards.  
"Organizational Project Management" refers to the project knowledge, skills, tools 
and techniques used in the organization and project activities to achieve organizational 
goals.  First, the "organization" extends the scope of project management, including 
not only the successful delivery of a single project, but also include project portfolio 
management (Project Portfolio Management) and Project Portfolio Management 
(Portfolio Management).  Management of individual projects can be considered as 
the tactical level, and organizational project management rose to a strategic height, the 
organization was seen as a strategic advantage.  
OPM3 provides organizations with a measure, compare, improve project 
management capability of the methods and tools.  American Society PMI OPM3 
definition is: "It is a way to assess the organization to implement its own strategic 
objectives and individual projects through a combination of project management 
capabilities; it is to help organizations improve the market competitiveness of the 
tool." 
OPM3 model of the basic structure has the following elements:  
1. "Best practices" (Best Practices): project management organization set of "best 
practices" refers to proven and widely accepted more mature approach  
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2. Ability composition (the constituent Capabilities): the ability to "best practice" 
preconditions, or that the ability to set synthetic "best practices", with a certain 
ability to indicate the composition on the corresponding "best practices" can be 
achieved.   
3. Path (pathways): identifying the ability to integrate into a "best practices" in the 
path, including the relationship between the ability of a variety of "best practices" 
and the different internal "best practices" between.  .  
4. Visible results (observable Outcomes): there is the ability to determine the 
relationship between these results and the various organizations, visible results 
mean that the organization exists or has reached a certain set of skills.  
5. Key performance indicators (Key Performance Indicators): can be measured by 
one or more key performance indicators for each outcome.  
6. Category model (model context): includes project management processes and 
improve organizational steps and rungs 
PMI's OPM3 model is a three-dimensional model, the first dimension is four 
rungs maturity, the second dimension is the nine areas of project management and the 
five basic processes, and the third is a three-dimensional map of the hierarchical 
organization of project management. Four cascade maturities are:  
1. standardized (Standardizing)  
2. measurable (Measuring)  
3. can be controlled (Controlling)  
4. continuous improvement (Continuously Improving) 
Organizational project management maturity model divided into four levels as 












Figure. 9 OPM3 Model 
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As a result, organizations can see which best practices and organizational project 
management maturity most closely related to the maturity of the organization is the 
class to which, and how to improve it. However, OPM3 not only to improve the 
process used to build its contents cascade, and put this framework extends to the 
portfolio and project portfolio management hierarchy. This framework allows the 
model to optimize the management gradually, according to the actual needs of users in 
the organization of project management three ascending levels to gradually promote 
the use of the territory. This requires thoroughly understand the layout of each of the 
three levels of best practice in drill extended meaning. 
 
4.2 High performance project team  
Since the 1950s most of the work in project management has focused on project 
scheduling problems, assuming that the development of better scheduling techniques 
would result in better management and thus the successful completion of projects. 
However, there are many factors outside the control of management which could 
determine the success or failure of a project. In the literature, these factors are referred 
to as critical success/failure factors and only a few studies have been done to assess, 
clarify, or analyses these factors. Most of the early studies in the area focused on the 
reasons for project failure rather than project success. 
This instability can be interpreted as both an illustration of structuring as an 
ongoing organizational process and as an illustration of organizational 
experimentation as organizations search for an adequate structural arrangement. Half 
of the respondents to the survey report that the legitimacy of their HPPT in its present 
form is being questioned. This is consistent with both the interpretation in terms of 
experimentation and a search for best practices and with the interpretation as an 
instance of the inherent instability of an ongoing process of structuring. 
In the survey-based research cited above, correlation analysis found no 
systematic relationships between the external context in terms of economic sector or 
geographic region and internal organizational context. None of the classic contingency 
factors from organizational theory correlated strongly with the form or function of 
HPPTs. A positivist, synchronic approach has provided a rich description of the great 
variety found in the population but has failed, so far, to provide an adequate 
understanding of HPPTs. 
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4.2.1 Compare with success team and failure team 
Team effectiveness is related to team success or failure closely, and we can obtain 
useful information and knowledge from it for building a high performance project team. 
Table. 6 compare relationships, structure, process, emotions, communication, attributes 
and external with success team and failure team.  
 
Table. 6 Compare with success team and failure team 












Division of labor 





Poorly defined roles and    
responsibilities Lack of  
coordination 
Lack of cooperation 








Examined all options 




Failure to perform  
essential tasks 




Failed to consider all  










 Success team Failure team 
Communication 
Openness and honesty 
Effective listening 
Information sharing 
Lack of communication 
Lack of openness and  
honesty 



















4.2.2 Dimensions and criteria of HPPT 
HPPT can develop and maintain a set of standards and methods; becoming a 
steward of documented PM expertise within the organization. These standard 
procedures should be detailed enough to provide guidance but not so excessively 
detailed as to inhibit creativity. HPPT can provide a centralized archive to 
systematically collect and store project knowledge such as lessons learned and 
templates. As project numbers and scale grow large, the associated administrative 
requirements also expand. Administrative work often is not reflected directly in 
project deliverables and thus can represent a distraction to the core project team. 
As more organizations carry out their activities through projects, the demand for 
qualified project managers has grown. As organizations become more sophisticated in 
PM, need to move from an ad hoc to a more strategic PM approach increases. As 
organizations devote more resources to conducting business on a project basis, the 
need for PM training grows. 
Although a standard set of HPPT present features has yet to be agreed upon in 
theory or practice, in order to make program managers know what the criteria of 
building HPPT are, this research thus explores the criteria in the experts‘ point of view 




Table. 7 Dimensions and criteria for building HPPT 
Dimensions Criteria 
D1 Team Organization 
C1 Members selection 
C2 Project manager 
C3 Team training 
C4 Team spirit 
D2 Team process 
C5 Team confidence 
C6 Team communication 
C7 Team conflicts 
D3 Team structure 
C8 Salary design 
C9 Incentive mechanism 
C10 Career Management 
D4 Teamwork 
C11 Technical support 
C12 Resources support 
C13 Institutional support 
C14 Culture support 





4.3 Project team effectiveness model 
By many literatures, there are five team effectiveness models are as follows: 
Gladstein‘s team effectiveness model; Hackman‘s team effectiveness model; Cohen, 
Ledford and Spreitzer‘s team effectiveness model; Campion, Medsker and Higgs‘s 
team effectiveness model; Pagell and Lepine‘s team effectiveness model.  
 
4.3.1 Gladstein’s team effectiveness model 
The model, which is based on an early McGrath (1964) model, predicts that group 
process leads to effectiveness. Group process is the intergroup and intergroup actions 
that transform resources into a product. Process behaviors are either mainte- nance 
behaviors (Bales, 1958) that build, strengthen and regulate group life or task behaviors 
56 
that enable the group to solve the objective problem to which the group is commit- ted 
(Philp and Dunphy, 1959 162). 
 
 
Figure. 10 General model of group behavior: Constructs and measured variables 
 
4.3.2 Hackman’s team effectiveness model 
 
Figure. 11 Conceptual model of team effectiveness 
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4.3.3 Cohen, Ledford and Spreitzer’s team effectiveness model 
 
Figure. 12 Model of self-managing work team effectiveness 
 
4.3.4 Campion, Medsker and Higgs’s team effectiveness model 
 
Figure. 13 Themes and characteristics related to work group effectiveness 
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4.3.5 Pagell and Lepine’s team effectiveness model 
 
Figure. 14 Expanded model of manufacturing team effectiveness 
 
4.3.6 The Components of Project Team Effectiveness Maturity 
Taking PTEM as its object; the coupling relationship between system composing 
factors of PTEM as its basis and the advancement system of PTEM as its approach, 
through the implementation of effectiveness advancement process corresponding to 
different maturity grades, the research on PTEM aims to realize the development of 
project team effectiveness from lower maturity grades to higher ones so as to improve 
the success rate of projects. 
Most businesses are at level one grades, the ad hoc/chaos stage, where there is no 
standard project management process and no defined project steering process.(The 
project steering process is the process that the management team uses to select, 
prioritize, allocate resources and oversee the portfolio of projects.) In order to move to 
level two, Standardization, the project team needs to do the following: 
1. Chose a standard PM method. 
2. Make sure project leaders are using basic project management skills. 
3. Make sure sponsors are writing charters for all new projects. 
4. Have project teams use basic project management templates. 
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Level two grades create the basis for developing a core competency in project 
management across the organization. As you begin to move to level three, Core 
Competency, you'll to need spread the training process for basic project management 
skills to project team members, and continue the development of your project leader's 
skills. In addition, you'll need to establish the rudiments of a project steering process, 
which should be run by the project steering council (a subset of the management team). 
At level three, every manager in the organization accepts accountability for the 
effectiveness of the organization's portfolio of projects.  
Figure. 15 show the content of theses 4 management process dimensions 



















 C3 Establish 
work team

































Figure. 15 Structure of project team effectiveness maturity 
 
4.4 Agile innovation project team model 
4.4.1 The Agile Innovation project team background and requirements 
Innovation and creativity has been highlighted as a key strength underpinning 
agile methods (Highsmith and Cockburn, 2001; Highsmith, 2004; Cockburn and 
Highsmith, 2001; Highsmith, 2002;Highsmith, 2002a). Agile advocates believe that 
60 
―creativity, not voluminous written rules, is the only way to manage complex software 
development problems‖ (Highsmith and Cockburn, 2001).Cockburn and Highsmith 
(2001) claim that ―agile methodologies deal with unpredictability by relying on people 
and their creativity rather than on processes‖. Additionally, it has been contended that 
―agile approaches are best employed to explore new ground and to power teams for 
which innovation and creativity are paramount‖ (Highsmith, 2002a). 
Agile innovation project team operates on the basis teamwork, and a group of 
multi-skilled team of professionals. This team will be a large number of interested 
parties or the supply chain surrounded by people, especially the customers and 
developers together in teams in order to get real-time interpretation, immediate 
feedback and confirmation, these people may offer team help or support, may also set 
limits, the formation of interference. Besides agile innovation project teams focused 
self-directed, self-organizing, self inspired and efficient forward and achieve results. 
Therefore, agile innovation projects to promote enterprise's primary job is to build a 
high performance agile innovation project teams. 
 
4.4.2 The Components of Agile Innovation project team 
Highly efficient agile innovation project team members are determined by the 
team with shared values and accept the constraints of professionals, the team's 
performance on the basis of individual performance, each member must assume part of 
the work, and each member may become a team leader. In this research, we refer to 
Charles G. Cobb indicators, through expert interviews consolidate, and propose agile 
project team evaluation system as Figure1. 
Figure. 16 show the content of theses 4 management process dimensions including 













































































Chapter 5 Using FMCDM in maturity of project team model 
 
Since the 1990s, the environment of management went complexity and changeful 
due to the development of knowledge economics. Enterprises have to promote their 
efficiency, elasticity and quality to deal with a contingency or emergency, to ensure 
they can survive and develop. More and more enterprises start to transform to 
projective organizations. 
In this research, we Using Fuzzy MCDM method to exploring the high 
performance project team (HPPT), Project Team Effectiveness Maturity (PTEM) and 
Agile Innovation project team (AIPT). The study first of all is to establish a teamwork 
evaluation system, including dimensions and criteria. Next, adopt Fuzzy DEMATEL to 
build up a structure model of teamwork competency evaluation system of HPPT, PTEM 
and AIPT. And then combining ANP, convert the attribution impact of teamwork 
competency evaluation criteria in the degree of importance, and establish teamwork 
competency assessment system. Finally, apply VIKOR to evaluate the teamwork 
performance and find out the case (A corporation) which was identified to have the 
worst attribute according to teamwork competency. In the end, a decision was made 
through system structure model and concrete improvement strategies are proposed. 
The experts of project and project managers were the objects of this research, 
including scholars of project and managers of project. Experts‘ perspectives on the 
diverse criteria and the performance of every HPPT, PTEM and AIPT within the 
criteria were received by personal interviews and through filling out questionnaires. A 
total of 35 objects were divided into 24 scholars of project management, and 11 
project managers and members of company. This investigation was carried out in 
December 2013, and it took 40 to 60 minutes for every expert to fill out the 
questionnaire and to be interviewed. 
 
5.1 FMCDM in High performance project team 
 
Many organizations are using the project team to manage multiple projects. A 
recent study of over 750 HPPTs by BIA (Business Improvement Architects) has 
indicated that‖ the primary business case for implementing a project team is to achieve 
more successful implementation of projects and to have predict TABLE and reusable 
tools, techniques and processes. Therefore, high performance project team mandates 
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most often include measurable improvement in the management of projects -on time, on 
budget and meeting customer requirements.‖ 
 
5.1.1 Calculating importance and weights of FDEMATEL and ANP 
According to literature review and team of internal and external factors, we can 
generalize to five dimensions and seventeen criteria (in section 3.2.2), there are team 
organization, team process, team structure, teamwork and team effectiveness standard. 



























Figure. 17 High-performance model of the project team 
 
The Fuzzy DEMATEL method introduced in section 2.1.2 will be utilized in the 
decision problem structure. The sum of influences given and received on dimensions as 
shown Table. 8. Then, the Radar of influences and effected on dimensions as shown 
Figure. 18 and Figure. 19. 
 
Table. 8 The sum of influences given and received on dimensions 
Dimensions ri ci ri+ci ri- ci 
D1Team Organization 0.69  0.61  1.30  0.08  
D2Team process 0.62  0.62  1.24  -0.00  
D3Team structure 0.65  0.54  1.19  0.10  
D4Teamwork 0.58  0.56  1.14  0.02  
D5Team Effectiveness Standard 0.56  0.76  1.32  -0.20  
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Figure. 18 Radar of influences on dimensions of HPPT 
 
 
Figure. 19 Radar of affected on dimension of HPPT 
 
According to the ranking order of dimensions‘ importance from experts, we 
acknowledge the priorities of the HPPT dimensions. From radar of influences on 
dimensions and affected on dimension, we can know the experts considered that ―Team 
Effectiveness Standard‖(D5) is the most influences dimension(ri+ci is 1.32) of HPPT, 
and the Team structure (D3)is the effected dimension(ri- ci is 0.1 ) of HPPT. 
We follow the calculating steps of ANP method (in section2.2) for acquiring 
Table 3 to explain the weight. It means the degree of impact of these dimensions and 
criteria. The primary survey experts included scholars of project and managers of 
project. The level of importance weights of 5dimensions and 17 criteria can be 











D3 Team structureD4 Teamwork









D3 Team structureD4 Teamwork
D5 Team Effectiveness Standard
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C2Project manager 0.052 9 
C3Team training 0.044 13 





C6Team communication 0.066 6 





C9Incentive mechanism 0.054 7 





C12Resources support 0.050 11 
C13Institutional support 0.045 12 






C16Satisfaction 0.083 1 
C17Cohesion 0.076 2 
 
According to the ranking order of criteria‘s weights from experts, we 
acknowledge the priorities of the criteria. In this research of building HPPT decision 
model, the experts considered that ―Performance‖ (C15) and ―Satisfaction‖ (C16) are the 
most important criteria (weight is 0.083). This shows that if in the limited time and 
cost, program managers should establish ―Performance and Satisfaction‖ first when they 
have to build HPPT. Also, experts consider ―Cohesion‖ (C17) is important as well 




Figure. 20 Bar chart of criteria importance in HPPT 
 
Because the criteria possessed interrelations and self-feedback relationships 
proved by the Fuzzy DEMATEL technique, ANP was then utilized to calculate each 
weight of the nine criteria. Empirical results indicate that ―Performance‖ (C15) and 
―Satisfaction‖ (C16) ranks number 1, followed by ―Cohesion‖ (C17), ―Career 
Management‖ (C10), ―Team conflicts‖ (C7), ―Team confidence‖ (C5), ―Team 
communication‖ (C6), Incentive mechanism (C9), ―Salary design‖(C8), ―Project 
manager‖(C2), ―Team spirit‖(C4), ―Members selection‖(C1), ―Technical support‖ (C11) 
and ―Institutional support‖ (C13), ―Team training‖(C3) and ―Culture support‖ (C14). 
 
5.1.2 Compromise Ranking by VIKOR 
The VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) technique 
was applied for compromise ranking after the weights of determinants was calculated 
by ANP (in Section 4.1.1). In this research, the selection of program for the project 
planning office in IBM , by 8 project team members, and 4 PM experts were given 
scores of 1~10 for the selected program in the performance of selected projects, 1 
represent the lowest scores and 10 is the highest scores. Higher scores means the 
greater degree of influence, and after selection to obtain the total performance of 12 












































C1Members selection 5.667 0.217 
C2Project manager 8.000 0.104 
C3Team training 5.333 0.205 
C4Team spirit 7.667 0.119 
D2Team process 
C5Team confidence 8.667 0.089 
C6Team communication 8.333 0.110 
C7Team conflicts 8.667 0.091 
D3Team structure 
C8Salary design 4.333 0.300 
C9Incentive mechanism 6.333 0.198 
C10Career Management 7.333 0.184 
D4Teamwork 
C11Technical support 6.000 0.180 
C12Resources support 6.333 0.183 
C13Institutional support 7.333 0.120 
C14Culture support 6.667 0.147 
D5Team Effectiveness 
Standard 
C15Performance 7.000 0.249 
C16Satisfaction 7.333 0.221 
C17Cohesion 7.333 0.203 
Total performance                                   7.080 
Total gap                                                                 2.920 
 
According to the ranking order of criteria‘s weights from experts, we 
acknowledge the priorities of the criteria. Based on criteria weight of ANP method, 
we can use VIKOR method to calculate the performance and gap of each criterion in 
HPPT. From the expert questionnaire result, the ―Team confidence‖ (C5) and ―Team 
conflicts‖ (C7) have the highest performance score, and ―Team communication‖(C6), 
―Project manager‖ (C2) are have higher performance score. 
In this research, case of high performance project team got total performances is 
7.080 and total gap is 2.920, represent this project team get to the aspire value still 
distance 7.08 (aspire value is 10). 
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5.2 FMCDM in Project Team Effectiveness Maturity 
 
The ―project team‖ already became the most effective and universal organization 
pattern to integrate knowledge and capacity under the indefinite environment. More 
and more business operations have begun to focus on projects instead of organizational 
structures. However, the high failure rate of projects remains high even till now. 
Through analysis of the causes of failure of projects, it has been found out that the key 
of success or failure of a project lies in the project team. Therefore, the dissertation puts 
forward the concept of Project Team Effectiveness Maturity (PTEM) and makes some 
explorations into it theoretically and practically. 
PTEM refers to the goal achievement level of a project team to achieve its 
anticipated results on time and within budget. Taking PTEM as its object; the coupling 
relationship between system composing factors of PTEM as its basis and the 
advancement system of PTEM as its approach, through the implementation of 
effectiveness advancement process corresponding to different maturity grades, the 
research on PTEM aims to realize the development of project team effectiveness from 
lower maturity grades to higher ones so as to improve the success rate of projects. The 
research flowchart is shown as Figure1 on the basis of above statement. 
 
5.2.1 The Components of Project Team Effectiveness Maturity Research 
Taking PTEM as its object; the coupling relationship between system composing 
factors of PTEM as its basis and the advancement system of PTEM as its approach, 
through the implementation of effectiveness advancement process corresponding to 
different maturity grades, the research on PTEM aims to realize the development of 
project team effectiveness from lower maturity grades to higher ones so as to improve 
the success rate of projects. The components of project team effectiveness maturity 
shown as section 3.3.6. 
 
5.2.2Combining FDEMATEL and ANP for calculating the weights of criteria 
The Fuzzy DEMATEL method introduced in section 2.1.2 will be utilized in the 
decision problem structure. The Project Team Effectiveness Maturity Influence Degree 
given and received on dimensions as shown Table. 11. Then, the Radar of influences 
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and effected on dimensions as shown Fig. 21 and Fig. 22. 
 
Table. 11 Project Team Effectiveness Maturity Influence Degree
 
Dimensions ri ci ri+ci ri- ci 
D1 Team Organization Management Process 2.05 2.12 4.17 -0.07 
D2 Team Capacity Management Process 2.01 1.94 3.95 0.07 
D3 Team Culture Management Process 2.04 2.01 4.05 0.03 
D4 Team Performance Management Process 2.13 2.17 4.30 -0.04 
 
 
Figure. 21 Radar of influences on dimensions of PTEM 
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By Table. 11 demonstrated its influence, we may see Team Performance 
Management Process has the strongest relatedness with other processes. (value of the 
ri+ci to be highest); but Team Capacity Management Process has the weakest 
relatedness with other processes (value of the ri + ci to be lowest). Team Capacity 
Management Process has the greatest influence to other dimensions. (value of the ri- ci 
to be highest). On the contrary, Team Organization Management Process has the 
smallest influence to other processes (value of the ri- ci to be lowest). 
We follow the calculating steps of ANP method (in section2.2) for acquiring 
Table.12 to explain the weight. It means the degree of impact of these dimensions and 
criteria. The primary survey experts included scholars of project and managers of 
project. The level of importance weights of 4 dimensions and 16 criteria can be 
calculated by ANP shown as Table. 12. 










D1 A Team Organization 
Management Process 
C1 Team Unity Co-ordination 
0.26 2 
0.260 4 
C2 Authority 0.217 13 
C3 Establish Work Team 0.252 6 
C4 Team Members Arrangement 0.270 1 
D2 Team Capacity Management 
Process 




C6 Integrate Capacity 0.264 2 
C7 Nurture Capacity 0.237 12 
C8 Training and Development 0.246 11 
D3 Team Culture Management 
Process 
C9 Team Commitment 
0.24 3 
0.237 12 
C10 Team Decision 0.249 9 
C11 Conflict Management 0.251 7 
C12 Communication and 
Co-ordination 
0.263 3 
D4 Team Performance 
Management Process 
C13 Integrate Team Performance 
0.27 1 
0.251 7 
C14 Performance Management 
Quantification 
0.251 7 
C15 Control Project Risks 0.250 8 
C16 Performance Management 0.248 10 
 
According to the data on Table. 12 we find Dimension 4 (Team Performance 
Management Process) has the highest weight. The second one is Dimension 1 (Team 
Organization Management Process), Dimension 2 (Team Capacity Management 
Process) and Dimension 3 (Team Culture Management Process) has lower weight 
than above. However, Dimension 2 and Dimension 3, which have the lower weight. In 
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this research of building PTEM decision model, the experts considered that ―Team 
Members Arrangement‖ (C3) has the most important criteria (weight is 0.270). This 
shows that if in the limited time and cost, program managers should establish ―Team 
Members Arrangement‖ first when they have to build PTEM. Also, experts consider 
―Integrate Capacity‖ (C6) is important as well (weight is 0.264). Fig. 23 shows bar 
chart of criteria importance in PTEM. 
 
 
Figure. 23 Bar chart of criteria importance in PTEM 
 
5.2.3 Compromise ranking by VIKOR 
The VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) technique 
was applied for compromise ranking after the weights of determinants was calculated 
by ANP (in Section 4.2.2). In this research, the selection of program for the project 
planning office in IBM , by 8 project team members, and 5 PM experts were given 
scores of 1~10 for the selected program in the performance of selected projects, 1 
represent the lowest scores and 10 is the highest scores. Higher scores means the 
greater degree of influence, and after selection to obtain the total performance of 13 
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C1Team Unity Co-ordination 5.669 0.433 
C2Authority 8.000 0.200 
C3Establish Work Team 5.332 0.467 
C4Team Members Arrangement 7.666 0.233 
D2Team Capacity 
Management Process 
C5Promote Capacity Continually 8.669 0.133 
C6Integrate Capacity 8.335 0.167 
C7Nurture Capacity 8.665 0.134 
C8Training and Development 8.534 0.147 
D3Team Culture 
Management Process 
C9Team Commitment 4.330 0.567 
C10Team Decision 6.336 0.366 




D4 Team Performance 
Management Process 




C15Control Project Risks 6.666 0.333 
C16Performance Management 6.521 0.348 
Total performance                                        6.325 
Total gap                                                                  3.675 
 
According to the ranking order of criteria‘s weights from experts, we 
acknowledge the priorities of the criteria. Based on criteria weight of ANP method, 
we can use VIKOR method to calculate the performance and gap of each criterion in 
HPPT. From the expert questionnaire result, the ―Promote Capacity Continually‖ (C5) 
has the highest performance score, and ―Nurture Capacity‖(C7), ―Integrate Capacity‖ 
(C6) are have higher performance score. 
In this research, case of high performance project team got Total performance is 
6.325 and total gap is 3.675, represent this project team get to the aspire value still 
distance 6.325 (aspire value is 10). 
 
5.3 FMCDM in Agile Innovation Project Team 
In the knowledge economy, companies must maintain a competitive advantage, 
not only to the application of project management to ensure project success; but also 
apply innovative strategies to ensure business agility to respond quickly to market 
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changes, to ensure continuous innovation to achieve a successful project. 
A high-performance agile innovation project team of enterprise embodied agile in 
innovative methods is a key factor. Agile innovation project team productivity, project 
team members rely on personal goals and how to look at the relationship between 
strategic objectives of the project. On project leadership, the business development 
strategy to ensure consistency with the goals of the project, the establishment of an 
effective and innovative enterprise and agile project management environment is the 
manager's accountability; while creating high-performing agile innovation project team, 
is the team's self-management and implementation responsibilities. 
Become an essential element of Innovative Enterprise is to have a good innovation 
strategy as well as innovative and efficient project management capabilities. In order to 
adapt to economic globalization, market-oriented, information technology and 
sustainable development challenges, companies must have a good strategy to manage 
innovation. 
 
5.3.1 Project Management in an Agile Environment 
In agile projects, the organization or team structure is ―organic and flexible‖, as 
opposed to traditional structures which are ―mechanistic, bureaucratic and formalized‖ 
(Nerur et al. 2005); the method is there not as a prescription, but something to be 
continuously tailored and moulded by the team (Conboy and Fitzgerald, 2009, 
Fitzgerald et al., 2006); the project is completed through a series of iterations, each 
often as short as a few working days (Fowler & Highsmith 2001; Fitzgerald et al.2006), 
resulting in more frequent, short-term development; budgeting is more fluid and short 
term (Conboy, 2010), and software is valued over documentation (Fowler & Highsmith 
2001). 
 
5.3.2 The Components of Agile Innovation Project Team Research 
Highly efficient agile innovation project team members are determined by the 
team with shared values and accept the constraints of professionals, the team's 
performance on the basis of individual performance, each member must assume part of 
the work, and each member may become a team leader. In this research, we refer to 
Charles G. Cobb indicators, through expert interviews consolidate, and propose agile 
project team evaluation system shown as section 3.4.2. 
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5.3.3 Combining FDEMATEL and ANP for calculating the weights of criteria 
The Fuzzy DEMATEL method introduced in section 2.1.2 will be utilized in the 
decision problem structure. The Agile Innovation Project Team Influence Degree given 
and received on dimensions as shown Table. 14. Then, the Radar of influences and 
effected on dimensions as shown Fig. 24 and Fig. 25. 
 
Table. 14 Agile Innovation project team Influence Degree 
Dimension ri ci ri+ci ri- ci 
D1 Technology and decision capacity 0.51 0.27 0.78 0.25 
D2 Team management and leadership 
capacity 
0.33 0.36 0.69 -0.02 
D3 Processes and practical capacity 0.24 0.38 0.62 -0.13 
D4 Innovation and transfer capacity 0.24 0.43 0.67 -0.19 
 
 










D1 Technology and decision
capacity
D2 Team management and
leadership capacity
D3 Processes and practical
capacity




Figure.25 Radar of affected on dimension of AIPT 
 
By Table. 14 demonstrated its influence, we may see Technology and decision 
capacity has the strongest relatedness with other processes. (value of the ri+ci to be 
highest); but Processes and practical capacity has the weakest relatedness with other 
processes (value of the ri + ci to be lowest). Technology and decision capacity has the 
greatest influence to other dimensions. (value of the ri- ci to be highest). On the 
contrary, Innovation and transfer capacity (value of the ri- ci to be lowest). 
We follow the calculating steps of ANP method (in section2.2) for acquiring 
Table. 15 to explain the weight. It means the degree of impact of these dimensions and 
criteria. The primary survey experts included scholars of project and managers of 
project. The level of importance weights of 4 dimensions and 14 criteria can be 
calculated by ANP shown as Table. 15. 










D1 Technology and decision 
capacity 
C1Decision analysis capabilities 
0.159 4 
0.045 10 
C2 Professional knowledge ability 0.036 13 
C3 Benchmarking capability 0.040 11 
C4 Innovative Thinking 0.039 12 
D2 Team management and 
leadership capacity 
C5 Team cohesion capability 
0.207 3 
0.053 7 
C6 Team motivated 0.050 9 
C7 Leadership ability 0.052 8 










D2 Team management and
leadership capacity
D3 Processes and practical
capacity












D3 Processes and practical 
capacity 
C9 Process planning capabilities 
0.217 2 
0.059 5 
C10 Process management 
capabilities 
0.071 3 
C11 Process reengineering 
capabilities 
0.087 2 
D4 Innovation and transfer 
capacity 
C12 Market forecasting ability 
0.248 1 
0.064 4 
C13 Innovation project capabilities 0.087 2 
C14 Rapid response capability 0.097 1 
 
According to the data on Table. 15, we find Dimension 4 (Innovation and 
transfer capacity) has the highest weight. The second one is Dimension 3 (Processes 
and practical capacity), Dimension 2 (Team management and leadership capacity) and 
Dimension 1 (Technology and decision capacity) has lower weight than above. 
However, Dimension 2 and Dimension 1, which have the lower weight. In this 
research of building AIPT decision model, the experts considered that ―Rapid 
response capability‖ (C14) has the most important criteria (weight is 0.097). This 
shows that if in the limited time and cost, program managers should establish ―Rapid 
response capability‖ first when they have to build AIPT. Also, experts consider 
―Process reengineering capabilities‖ (C11) and Innovation project capabilities (C13) are 
































C12 Market forecasting ability
C13 Innovation project…
C14 Rapid response capability
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5.3.4 Compromise ranking by VIKOR 
The VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) technique 
was applied for compromise ranking after the weights of determinants was calculated 
by ANP (in Section 4.3.3). In this research, the selection of program for the project 
planning office in IBM , by 8 project team members, and 6 PM experts were given 
scores of 1~10 for the selected program in the performance of selected projects, 1 
represent the lowest scores and 10 is the highest scores. Higher scores means the 
greater degree of influence, and after selection to obtain the total performance of 14 
project management expert score table, the result as shown in Table. 16. 
 




D1 Technology and 
decision capacity  
C1 Decision analysis capabilities 4.3 0.57 
C2 Professional knowledge ability 4.7 0.53 
C3 Benchmarking capability 4.2 0.58 
C4 Innovative Thinking 4.1 0.59 
D2 Team management 
and leadership 
C5 Team cohesion capability 5.1 0.49 
C6 Team motivated 4.6 0.54 
C7 Leadership ability 4.2 0.58 
C8 Self-management capabilities 3.9 0.61 
D3 Processes and 
practical capacity 
C9 Process planning capabilities 5.2 0.48 
C10 Process management 
capabilities 
4.8 0.52 
C11 Process reengineering 
capabilities 
4.5 0.55 
D4 Innovation and 
transfer capacity 
C12 Market forecasting ability 5.7 0.43 
C13 Innovation project capabilities 5.1 0.49 
C14 Rapid response capability 5.5 0.45 
Total performance                                        5.293 
Total gap                                                                  4.707 
 
According to the ranking order of criteria‘s weights from experts, we 
acknowledge the priorities of the criteria. Based on criteria weight of ANP method, 
we can use VIKOR method to calculate the performance and gap of each criterion in 
HPPT. From the expert questionnaire result, the ―Market forecasting ability‖ (C12) has 
the highest performance score, and ―Rapid response capability‖(C14), ―Process 
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planning capabilities‖ (C9) are have higher performance score. 
In this research, case of high performance project team got Total performance is 
5.293 and total gap is 4.707, represent this project team get to the aspire value still 


















Chapter 6 Conclusions 
 
In this thesis, we have proposed a FMCDM model, using Fuzzy DEMATEL, 
ANP and VIKOR methods for probing the maturity of project team models problems 
and how to evaluate and create a best implementation for achieving the aspired levels. 
In chapter 1, research background and organization of thesis was included. In 
chapter 2, we introduced the fuzzy set theory. The most critical contribution of fuzzy 
set theory is its capability of representing imprecise or vague data. Although fuzzy sets 
have found a great success in engineering, their impact in social sciences has been 
rather limited. Several scholars have attempted to introduce fuzzy sets concepts to 
social science community. Preliminaries on fuzzy sets and fuzzy number, 𝛂-cut, and 
fuzzy linguistic scale are introduced in this chapter. 
In chapter 3, we have discussed the definitions and theory of fuzzy multiple 
criteria decision making method. A hybrid MCDM model combined with Fuzzy 
DEMATEL and ANP for evaluating and improving problems is more suitable in the 
real world than the previously available methods under complex environments and 
situations in dynamics, dependence and feedback among dimensions and criteria. The 
VIKOR method was developed for multicriteria optimization of complex systems. It 
determines the compromise ranking-list, the compromise solution, and the weight 
stability intervals for preference stability of the compromise solution obtained with the 
initial (given) weights. This method focuses on ranking and selecting from a set of 
alternatives in the presence of conflicting criteria. It introduces the multicriteria 
ranking index based on the particular measure of ―closeness‖ to the ―ideal‖ solution. 
In chapter 4, we have proposed the concept of project maturity and model. 
Maturity is the quality or state of being mature. If we apply the concept of maturity to 
an organization it might refer to a state where the organization is in a perfect condition 
to achieve its objectives. Project maturity would then mean that the organization is 
perfectly conditioned to deal with its projects. First, we have considered capability 
maturity model for software, K-PMMM and OPM3. Then, we found the dimension 
and criteria of HPPT, PTEM and AIPT model based on expert judgment and literature.  
In chapter 5, we adopt Fuzzy DEMATEL to build up a structure model of 
teamwork competency evaluation system of HPPT, PTEM and AIPT. And then 
combining ANP, convert the attribution impact of teamwork competency evaluation 
criteria in the importance degree of each project maturity team, and establish 
teamwork competency assessment model. Finally, apply VIKOR to evaluate the 
teamwork performance of HPPT, PTEM and AIPT, and find out the case (A 
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corporation) which was identified to have the worst attribute according to teamwork 
competency of team. In the end, a decision was made through system structure model 
and concrete improvement strategies are proposed. 
The following summarizes the important findings of this thesis. Using the Fuzzy 
DEMATEL in conjunction with an ANP, we can discover the relative weights of 
various criteria. The Fuzzy DEMATEL works in an ANP to construct a building 
decision model and influence degree for high performance project team (HPPT), 
project team effectiveness maturity (PTEM) and agile Innovation project team (AIPT), 
which may be worthy subjects of further research. The Fuzzy DEMATEL technique 
carries out the comparisons in pairs of mutual relationships. This surveys the materials 
and clarifies the essence of problems based on the novel hybrid MCDM model 
method, and it may help to make future plans. In addition, the model is well suited to 
deal with decision problems, whose constructs are complicated and whose criteria are 
interdependent. Because the factors possessed interrelations and self-feedback 
relationships proved by the Fuzzy DEMATEL technique, then ANP was utilized to 
calculate each weight of the criteria. Furthermore, uses VIKOR method to analyze the 
performance of HPPT, PTEM and AIPT to indicate the criteria‘s gap to anticipated 
level for managers to improve the team maturity of project. 
In the future, we advise to keep in researching about the dimension of external 
environment which is including some criteria like human, finance, resources, and 
organization supports. Then, to recognize the relative superiority and degree of 
maturity in the cross-sectional domestic enterprises after they adopt project team 
management method for providing a reference to domestic enterprises targets about 
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